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Introduction

The ch'scowty of 9(11@ o«{ginol organic nature of 9(71@
1gneous rocks was led up 1o ?Zy ﬂncl{@ ’Cho,% Eozodn was a
S%oma%powi&f 7c. a colonial nummulite, &camﬂinj@ it
is essential o give a %w’cf ?Yelifmimw:y accound of Eozoén

canacZense (S@@ 671@?%04’ 1,),
Thc meye fmenj(ion Of %110 name Ojc %710 @awn @fm?moi

scems mot inffregucn’@ to excite wviolent igneous action,
a ﬁlenomenon whiéh shouw not be cvoked unmcessm’i@.
Wi%h a sense of the responsi %ﬂi@ incurred, J do mot hes—
flate 1o declare ’fha’( now ’fhew is convincing cvidence as
1o %11@ real nature of %ha’( organism around whiéh $0 mucfh
con%wvwgy ho,s wgccl Thc modern Scienj({ﬁc world is al—
most unanimous in its %elief j(ha% Eozodn* is of pwe@
mineral origin, In a memoir on The “(zoic System,” two
writers wfcﬂ 1o jfhe “exjcmo«o‘lina@ delusion whiéh has
fpfrwoﬂccl among palacon’(ﬁ@is’ts wi’ﬂl wfewmc to ’chc or—

ganic nature of Eozoén,” Suéh delusions, in %Hc case of

TEGUN %:ycﬂg TOPOC pore, S%voma%pow{éls beino fowmccl of or—
3@%&01@ connected Z@ers of nummulites, earfh shen ham’@ a contral
perfom‘?z’on, jfha umbilicus, The name was given to cortain Balacozoic
fossﬂs having a "“lo:yew&" structure and pcmﬂ{w pores on jﬂle surface,
JMany theories have been pu’t forward 1o exjolain the nature of these

1@0% and poves,

:E0z06n is a word of our syllables,

$Bull, Mlus, 50‘77170, ool jm'wml, 1884, 2. p. 530 . D, WHi%%@
and A, &, Wa&swoﬁh “ZTH@ (#zoic Sﬂs%em,”



those posscssccl @ them, are chcwi’(a%@ assumed 1o be sup—
fp1emen%ec1 @ %he desive to do some’(hin\g sensational, The
coup de jo’cfce is swpposccl to be given to jfhe organic %71@0@
because certain writers scem 1o ho,w carried jfhciér conclu—
sions o absurd lengths, Dr. Oto hahn, who wrote about
%hc organisms founcl in meleorites and on %he vggc’ca%1e
nature of Eozodn, comes in for swm’cﬂ mention, Bul, as
herbert Spencer observed (First Brinciples, od. 1884, p
568), when he was being baited @ hos%ﬂc critics, %hcw
is an cssential difference “between intrinsic a?:sumli’@ and
extrinsic a%suvﬂi@,”*

:Thcfn, again, ’Chese writers accuse zoo1q9is’(s and polaeon—
%olqgis’fs of entire ignorance as 1o 9(71@ 3%0?( vcwic@ of forms
occurring in the mineral Ringdom, forms “which it only
reguires an {fmcgina’(iw ’(cmqoemmen’( o endow wi’ﬂl 9(71@
atri butes of organic structure,” Tha’c may be so, but I
sometimes find in pcjwd@is%s a lack of finowie@c of j(hc
vm’ie@ of forms of organic h'fe, and a %enckngy to mistake
organic structures, — as, for e%afmfp%, %71@ branching canals

of Eozoén — foaf puw@ mineral fovma’(ions, Th@ arc so

+J che founol Dr. jahn's wvi%injs very in’tewsj(i@, _75@ was nearer
the truth than were his critics, e regarded Eozodn, granite, meteorites,
cke,, as ma{n@ composcél of ﬁcm%s, TH@ %mmh{nj canals of Eozodn
are cons{gmcl to several genera of abac, Dr., fahn did not allow fw
5(71@ chan\ges pyoclucccl @ mineralisation, Thcz oogonia of 'kghﬂouwpon”
shown on Bl 1. of “Dic Urzelle” are ?yo%a%@ _younyg nummulite
?oucls, ’Chc sujoposecl cell—nucled %einj pores or se«p’(cﬂ ajow’fuws, The

umbilicus is shown in eaéh bud,



cnjvossccl in j(he &iﬁwﬁ s’fu@ of ’(71@ mincva1q9ica1 cho;r—

acters of rocks %71@’( %71@ secem unwiwnj to 4’99@4’3 %hcse
o?gjec%s fyom o’fhm’ poin’(s of view, N almost irritales
jfhcm 1o sce a zool@is’t PrYing about wi’(h a fmo:gn{ifyinj
31@55, ajopowen’(@ wi’(h nefarious designs on jfheiv proyw@
Th@ resent ’fhe sujﬁcs%ion ’(ha’( aboul holf ’Cheia’ ’Cawﬁof@
showld be annexcd by palacontology, and naturally they ave
impa’(ien’t when %71@ sec some <pa1aeon’(01q9is% ’Cwspassinj
in ’(he{a’ 3a11e«ics and asﬁinﬁ 1o look at j(he volcanic rocks
«cpwscnjﬁfnﬁ %71@ @pes of Eozoén atlanticum, pacificum,

cles

Evidently, who,% ’Che abowe guo’(ecl cm%%ow’s did mnot sce is
not to be allowed %o ceeis%, and angyone who dares assert
’(ho,% he ﬁncls cvidence of j(he fowmefr existence of organic

structure in igneous rocks will incur &%homasiom penapfies,

and 711'5 book will be enfered on ’fhe said au’fho«s’ “Index”
of “gems, "

5In fpwsen’f{nj o j(he ‘@B«i’t{sh NMuscum jﬂle collection of rocks I
made ot Madeiva and Forlo Santo Tsland, T shall be confronted

wml a dilemma more pcyqolcxinj j(’hcm one which Solomon hacl o face

on a cerlain occasion. w'hcm he was called upon to setile a élisyu%e
between two women as o ’fhe ownwship of a babe he hacl a sim«ple
p«omem to deal with, for the child o,cj(ud@ belonged 1o one of the
claimants, 7 am in doubd, 'howww, How to settle %He rival claims of
’the mine«aiqgicai and yalaeon%&qgiccﬂ élepmf%men’ts, For ’(he specimens
are e%amp1es of Eozodn (o*r 5‘?4’01110]07004’@) aflanticum in j(he foy‘m

of lava, basalt, %mc’by%c, granitoid rock, clc. g’eﬂla?s the best solution
will be to cut ’(he collection into two hcﬂws,



T beliewe %710,7( many conclusions of ’(hcsc writers are
based on a priors comejo’(ions, Th@ write (Z,c, P. 526)
“rocks must necessarily be azoic, when formed or originatl—
ing under such conditions as were {movmpo?({ ble wi’(h h'fe,”
5w’(ain1y ’(his conclusion must be accep%eol Th@n ’Ch@ 90
on 1o say, "The o«{gifnol crust of 9(71@ ccw%h must hawve been
azoic, ijf we aclopj( ’fhe vicws Hew @ ’fhe 10.4:9@ mqjovi’@ of
\9@01(291’5’(5 %ha’c our 31019@ has cooled down fvom a foqﬂmw
condition of 19Meous ﬂui&i’fy. The volcanic and cwp’c{w
rocks must mcessm’i@ be azoic because %hgy haw come
from %He hea%cci interior of %71@ 310%6, wcwhin\g %he surface
in a melted condition, We do not, howewver, &cs@na’w %he
cwp’ﬁ'w and wvolcanic rocks as ‘(dzoic ; %he fo.c’f ’(hajt j(hc:y
are mcesscwily in ’(his condition 1s assumed as some%hin\g
seljc—w{clefn%,” On ’fhe con’(m@ %71@ w{ginol organic nature
of jClhesc rocks is to me self—cvident, because I can sce %hc
?omminifemi structure in j(hem, and oﬁen very cum'@
indeed, There is mo need, I believe, 1o bring jfhe nature of
j(he ecw’(h’s inferior into jfhe gucs’fion, Tha 1gneous rocks
are fmcuiﬂnly masscs of c@s%anise& stlicates, Mimerous fos—
sils of later age, wijch sheletons o«igiﬂnolly consis%inj of
pure calcium carbonate become masses of stlica, The carli—
est forme& ?omminifwcﬂ rocks oﬂen became chwnjeol into
silica compouncls, ﬁﬂe«r %711'5 chanoe hacl taken place, %hew
came pcw'ocls of disturbance of the eo;r%h’s crust, owing
1o jfhc coob'fnj and contraction of %71@ warm sphew in its

medium of cold space, The compwssion and w—a@y’us’(mm’(

-
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of j(hc crust caused a risc in ’(evmjocm’cuw suﬁc{cfn’( o re—
duce 1o a more or less molten state jfhe silicated limestones,
but in 5701"(@ of ’fhis ’(he intractable ?omminifwd medals
oﬂm retain 1o a considervable extent gfhm'ar cwmnjcmmj( and
fpa%’(w’n, as can be scen Ey ccwej:d and pa’w’en’( observation,

The sumoosecl (Azoic crust of ’(he ecw’(‘h is Eozoic down
to its known foundations and is, as Dana stated, "the

only universal formation.” The Anown part of the carth’s
“rind” is only a pellicle a fow miles thick, and what is
%ha’f in comparison wi’(H %hc diameter of %he 310%@?

Thc above remarks are mot writlen in an agoressive
spivi’(, 7 believe "The (Hzoic gys%em'5 o be a sﬂm&i&
piece of work wﬂca’({f@ 3«rea’( credit on ’Che cw’(hoa’s, but
J am now in a posi%ion 1o say wijfh cefr%a{fnjgy %ho,% 9(71@
arc mistaken in ’('hm'fr opinion ’('ha’f Eozoén canadensc is of
puw@ mineral origin, 371@ and 7(11@ scim’a’ﬁc world in
3@71@«01 are not to be blamed fo« ’(Hciﬂr eryor, foy correct
ideas concerning ’(ha structure of Eozoén che on@ waenﬂ\y
been arvived ol 7 find ’Cha’c J myself, n spi’(e of having
had c%ccp%ionoi oppo«%uni’(ies for learning the truth, have
misin’tevwe’w& ’(ha chamc%w and orieniation of jfhe coiled
disks of whiéh ’Chis colonial ?omminifemn is built up, and

5&6004’&1'%3 o my observations %ch is no "(zoic” S\ys%em J hoqoe

’tha’( n place of "%wa%hi@ out %Hwa%en{nﬁs and s’lau\gh’(w” ajafins’(
hew%icc& “Eozoists,” belicvers in %he Hzoic doctrine will now become

apos’des of jﬂla organic ’(haow, The torm “Eozoic” is o be ?yefeweol
to “drdhacan,” introduced by Dana,



one of the objects of this paper is to correct the mistake,

Since ’Che ?eﬂrsoml fac’cw ho,s to be taken into con—
sidevation I would mention jfho,% fov many years J ho,w
been in chavge of ome of the most important collections
of ’J(omminifem in existence, ?w%hw, J haw observed
1gneous phenomcna of %hc volcanic Rind in action in wvari—
ous <pcw’(s of the world, viz., ‘J’fa@, E{ci@, Lipari Islands,
Tava and Teneriffe, and know something of Their effects.
J once swn’( mcwly %Hfrcc ﬁaﬂs and a n{gh’( on %he sum—
mit of Stromboli s and jfhcw learned How various were j(hc
fphmo‘mma comjofriseél under the term “igneous action,”

R has taken over ezﬂﬁcy _years to settle the pfro?ﬂem
of the nature of Stromaloporoids, (dlmost by accident, 7
discovered ’CH@ clue 1o %71@ 1@@4’1’%’(71, ?zy fno%inj %hc gys%ems
of ?omminifeml chambers coiled cach round its wspcc%iw
umbilicus, and found that these mys%@«{ws fossils were

colonial f‘fomminifcm it up of nummulitic shens, J

1Mle realised ot %he time %Hc okwlopmcn’ts %ha’( would
follow, and that the clue to the naturc of Eozoén and of
%71@ ioneous vocks haci been found. ﬁjain, it has taken
ﬁﬂy _years to settle 7(71@ Eozoén pa’omcm, sifmply because
an {emjoov’(om’( link in the chain of evidence, viz,, that of
%he coiled ?omminifwﬁ sheﬂ, was Mmissing, Thew s no
need, 7(71@%, to susyec’c ’fha’( %hc %heoty here e%pounclecl is like

jonah’s gourd, Tt will be found that the S’wamajto]oo«o{cl
%heoq:y is based on very solid founﬂa%ions,

ﬂf ’(hc statements hew pu’t fo«wcw& concwnin\g 7(71@ or{gifn
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of igncous rocks are doubled, T can omly vepeat what
Desmarest used o say to importunate Aeptunians, “Go and
see, 7 Jf again it shouw be %houﬁh% %ha’( %hc nummulitic
disk is a phanjcom, J ask how does 11 come about ’(ha% J am
able ‘@ its means o solve, as 7 belicwe, impov%cm’c }womems
n palaeon%olw, For jfhe disks haw fu«fnishe& ’fhe clue 1o
the mjs%cgg of the Dolomitic and Oolitic Limestones, T

was a speci«mcfn of Eozoén canadense ’(ha% led me on 1o ’(he

solution of ’(hc pyomcm of ’fhe ]umssic Colites,

s a vesull of many thousands of obscrvations J hawe
found that the p1u%onic rocks are me%amorphosc& num—
mulitic limestones silicated,® reduced 1o a more or less
molten condition, and c@s%anizc&, and %Ho,% volcanic vocks
have had an identical origin with the phtjtonic, Gerlain Or—
dovician, Liassic, Fermian and urassic limestones are also

nummulitic, ’fhe Dolomitic beino dolomitised, and Oolitic
sccm:@ly altered chcmicol@,

Several writers have described traces of organic struc—
ture in igneous vocAs, but %71@ have faﬂecl o conwince

anyone as 1o ’fhe soundness of 7(71@1'« observations, but %he

fact of the nummulitic nature of these rocks will soon, I
‘Quoted in i\yen’s “@rinm’ﬁcs of §colqiy,’ od 12, vol. 1, P. 72

The word “m\ys’te@ " is used, because many o the limestones formed

c{lwinﬁ %710 SUCCeSSIve ¢ras haw been w@aﬁr&c& hijchw%o simﬂy as lime—

stones,
@ Term used in a 3@%@4’01 sense 1o include Jla@c into silicates of

various Rinds, vz, of alumina, magnesium, wi’ﬂl soda, po’tas% silica,
ivon, cfe, “Silicified” implics conversion into silica,

9



belicwe, be jemmny admitted, and fovj(una’tc@ it s POssi—
ble for anyone 1o look into %he mater himse1f, 7(71@ on@
eguipmcn% necessary %e{nj pajcien% obscrvation and a 30051
lens mcgnifyi@ 10 diamelers,

The disks may be seen scjoam%e, or owﬁajojoinﬂ om{gue@
in rows, or as vouleaux in wvertical section, Th@ may be
c1oscly pwsseél %qge’(hw and flattened out like volled oats,
gaéh disk will show en face the central umbilicus, a con—
centric and radial cpa’(’(wfnj and fwswcn’(@ rows of pores,
On wertical section ’fha very minute frggdcw network po?f—
Tern, appamn’d\y formed @ %71@ edoes of alar y«oionja%{ons
and sep’(a, will be visible on each side of ’Che umbilicus, J
hcwc observed all jfhcsc structures in many igneous, jums—
sic oolitic and Fermian dolomitic rocks, Somctimes I hawve
fowmi i1 necessary 1o examine a férozgmen% of rock wi’(h 9(71@
closest swu’(i@ fofr Howrs %cfow convincing fmysdf ’(ho,’(
J hcwe scen all jche above—mentioned details, In ’fhe end
J haw come across structures ’Cha% cannot possi Toly ho,w
arisen from a mere chance @31omc¢a%ion of pcchicles, but
which must be ’fhe exXpression of ov@inc& organic struc—
ture, The disks are usucﬂ@ best scen in a 300& stde 11;9719{
fwom above, (4 %«fﬂﬁ 1{971% shininﬁ cliwc’(@ on ’fhc piece
of rock j(ha’f is %einj examined 1s a«pj( to %frifnj into wlief
%he 10@4’%1’&@5 or grains which make up ’Che ?ommi%ifeml
medals mj(hw ’fhcm %he medals ’fhams&ws, ?fmfpwssion{s’(
p{cj(uws, when 100 c1oscly viewed in a 310.% of 1{971%, show

un&u@ %he blobs of pain’( m’(ﬁw j(hcm %He ?ic%u:re, @ close

10



scm’(i@ of the rocks is desirable, however, in all lights,
divect and o%’gwel 794’1;971’( and less 1)4’{971%.

(s regards methods, 7 cwreful@ examine picces of rock,
firstly with the naked eye, then with an aplanatic lens
mqgfn{fyinj 10 diameters, %hefn wi’(ﬁ a Zeiss binocular mag—
nifyinj 20 to zo diameters, and 1@5%@ n %hicﬁ and ’(h{n
sections with hioh powers,

Tha lens is ’Che most wae@ and sa’({sfac’(oty, For gener—
cfl@ one is dealing with altered, ruined, and blasted struc—
tures, which are casicr scen as objects of hree dimensions
%hom n %711'% sections,

7\43 views on igncous and certain other rocks have been
veceived wiﬂl a good deal of scejo%icism, and %111'5 is mot
SUrprising, For here, almost at our doors is a mew con—
tinent, ’fhe existence of which has never been sus?ccjwcl
J first siglftecl j(He new land in Sep%em%ev 1012 (when J
fowncl ’(ha’( 9(71@ Galacozoic S%wma’toqoowi&s weve colonial

?omm{nifcm and in jfhaj( Eozoén was a S%roma’(oporoi&),
What at first appeared To be an island rns out To be a
continent, T is not to be wondered at %Ha’( J, who say

so, am looked upon as a Mumhausen, or as a person
subject o delusions or en’(oep%ic troubles, For may pcw’c, J
do not %h{nﬁ 1 will be necessary Yo return %o ’(hc ’Cheoty
%ho,% jfhc jumss{c Oolites are made of ograins of coral de—

tritus derived fvom phan%om coral wefs,, or %ha’( cortain

Ovdovician, Carboniferous and Fermian (Dolomitic) lime—
stones and @ncous and 3ncissic rocks are of an inclcﬁfn{’fc

11



ﬂrmj(w’ ¢

J hopc in coursc of Yime o issuc a second «pcw% 1o j(His
fpamfpme’(, Qiving pho’(qgmphs, cimwi%js and cliqgmms of
nummulitic disks fmmcl in various rocks,

% % % % %

The &cs@n on ’chc covey «rewcscfn’cs %p’tunc on ’(he 310%0
of walers, On one of %he prongs of 711'5 Yridend is a piece
of wolcanic rock in %he shapa of a nummulitic disk, and
in 711'5 homcl is a mecleorite, Thcsc emblems s@nify ’(ha%
%p%um’s domain is enlcw@e& not on@ at %71@ expense of
nc’fhev jow, but also at %Ha% of 711911 jow whosc sumoosecl
emblem of sow«rc@n’@ — %71@ %huncleﬂr%oﬁ — waﬂy %e’[onﬁs
to the Sca God. The olow of wolcanic fires results from
%he ha«mmw{fnj (compwssion duc 1o plam%aﬁy sh«m’nﬁc{ge)
of Wép%um’s material on ’Che anvil of Vulcan, Tha’( i1 is
Wép%um’s material %ha’t is being worRed Upon, is rendered
clear 139 ’(he image and sujowswiqo’cion on ’fhe 1Mle medals

or nummuli coined in the Sea _@o&’s mini, and casily to be

cleciphaerc& @ %hose skilled in %His %cmch of numismatics,

%p’(um’s bolt 1s poisc& «rcac@ to be huﬂecl at msh and
@nomfn% mortals of %he ’@pe of %he a 704’1'07’1’ would—be
refuler, daring %o &isw’w the va1ic1i9£y of his title—deeds,

The desion which has been drawn @ N, f{ﬂﬂgy, has
been pa«r’(@ coqoiecl fvom 1ow'n7(s in ’(he @4'1"({571 JMuseum,

0l 0l 0l 0l 0l

In %he course of ’fhis {nwsj{{gc&ion 7 Ho,w received a

12



3«@@% deal of infovmo.’({on and many 31’3% of specimens
from owners of guarrics and of Jepﬁ%s of stone, pumice
and mica, who have shown me much Rindness, which 7
very 3¢a%efu1@ acﬁnowicoilgc, J wish cswcic&@ to exXPress
my 3va%i%u3a 1o genhov A, € :7\/54’0%710,, who gave me 9(}1@
fq*ogmen%s of volcanic rock %ha’t started me on ’(he pwscn’(
eNguUiTy.

J regret that J have not been able to marshal all may
fo,c%s n s’(&ric’cly 1q9£ca1 order, %711'5 faﬂuw beino due 1o
%he continual Cropping up of new discoveries after I ho,cl
revised the first and second proofs of my pamphlet, Some
allowance will, 7 trust, be made on account of the difi—
cultics a’tjcenclinj wha’( may fai«@ be termed pioncer work

in an almost une%ﬂow& j(cwij(oq:y,

3



1 On Eozosn Canadense Dawson

"¢ falsc %hcoty, it is well known, may render us
blind to facts which are omooseci 1o our Preposses—
sions, or may conceal from us ’(haia’ truc {fmpoq*%

when we behold them.” — Luell, Principles of
Geology, ed. 12, vol. 2, p. 120

T do not intend to enter ch into details concmminj
%he his%oty of j(he Eozoén conjwowvs:y, and shaﬂ mew@
wfw boa few of %71@ move impoaf’fcm% poin’(s.

The ofr@inofl specimens of Eozodn were founol @ %he
officers of the Teological &wv@ of Ganada in the Lower
Laurentian Limestone rocks about 1850—1858. ?These spec—
imens hacl a 1@@4’@& aspcc’( at jfhciﬂr weoﬁlew& cczges; and
a vertical section rewvealed al’(wno,’finj whi’(@ and 34’@@%1’571—

cllow bands, Thc whi’ce bands were fowml 1o be calcarcous
(ccdci’ce or clolom{’(c) and j(hc oreen bands siliccous (1@@%—
ite, olivine, serpentine, ) T scemed unlikely that any
traces wha’csoww of organic structure could exist in rocks
of unimo:g{na%lc cm’(i;ui@, vas’(@ older 9(71@% ’fhe Cambrian,
and in vocks which had been exposed 1o terrific metamor—
fphosinj agencies, As Sir W, Dawson observed, some of

%hc gneisses between whicﬁ %Hc limestones were imbedded

hacl been swcezc& and twisted as if ’fh@ haol been w%

%h«oujh a manj1e, @1 ’(710 same Hme he and Sir W, Lo—
gan were struck wi’(h %he resemblance between %hcsc Icgyewcl

4



and banded humjos of rock and %ﬁe Falacozoic Stromato—
fpo«oicls. @(ccowh"n\g@ Dawson concluded ’(h@ were waﬂy

fossils and gave %hefm ’fhe name Eozodn canadense, Spcci—
mens were brought to London, and investigated by Dr. W.
. 5@4’!}0@%’(@4’, who endorsed ’(he verdict of Dawson.
&wpcn’(w regarded the greenish bands as chambers of
a Foraminiferan, and the white bands as scaonﬂa@ shele—

ton, f@ described canals mm{fyinj in %71@ whi’te bands
and showecl ’Chei@r simﬂm’i’@ o ’Cha canals of %he secom?m:y

skeleton of recend ’J(omminijccm,
Specimcfns Were now wfcwecl to @frof, Garl Mébhius of
icl, who had pu%’she& several memoirs on ?omminifem,

e wrole a splefnclicl man@mﬁm

on Eozodn illustrated
@ cighteen beautiful p(lo.jces, and his verdict was against
the %Heoa:y of organic origin, J was much struck with the
fac% %Ho?( among %he fo«r@—swcn ﬁ\gmwcs 1'nus%m%inj jfhc
structure of Eozoén, I could only find ome Bl 3 Fo
z,.z,.) whiéh showecl some%ﬁinj %ha’( fmf'qh’( possi %@ be 4’@@4’3@3
as cvidence of organic structure, T is not o be wondered
at jfha% jﬂle &is’({f@uishc& @vofessoer of %icl was unable o
acccfp’( the “oa:qanic” j(hem:y, If he had scen certain rings
and coils in %71@ branching canals, p«o%amy he would ho,w
hesi%a’(ecl %efofrc giving 711'5 verdict in favoufr of %he mineral
jfheoq:y, and if he had seen under the Microscope the _Yyounyg
?omminifeml sheﬂs shown in ’Cha Flate at %he end of ’(711'5

pamﬁﬂc%, he would most cev%a{n@ have given ’fhe whob

10‘@01@@0%%0\94*%011{&,’ vol, 25,5 1828, p. 175,
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weight of his influence in support of the theory of organic
origin,

@rofcsso*rs %wn@ and fﬁin\g of _@c&wc@ likewise Pro—
ceeded 1o c?cmoh'sh 9(71@ %hcow of organic origin, and ran—
sacked the mineral Ringdom for minerals which ijoecwe&

to show all %he varictics oj: structure which 5cvaen%w hacl

fowncl in Eozodn and whiéh Hc hacl %«ouﬂh’( fo¢wa¢& as
Woofs of organic origin,

Later, Professors 7 UL Gregory and Tohnston—Lavis
pu%’she& a memoir on 7(71@ NMonte Somma bombs, which
710.& a structure almost identical w{’fh j(ha’( of Eozodn, fcw
ajojocwm%@ was the coup de grace to the organic ’(heoty,

as anyone 9oing 1o be so insanc as to assert ’fha’( fossﬂs
w%o,ininj any trace of organic structure could be hwﬂc& up

as %om%s jc‘YO‘WI a 4/010@%0?

In the Annals, October 1012, 7 stated that these bombs
ac%uaﬂ\y were ceewmples of Eozoén, and so 9(71@ unclou?a’(ecnﬁ

are, J was mistaken in o.ssumiﬂnj jfhajt ’fhc broken—down
siliccous bands were compose& of sefrpm’(im, (41 %71@’( time

J 710,& not read ’Che au’fhoa*s' fine memotr on ’fhe Eozoonal
structure of jchc gjcc%ccl blocks oj: AMonte Somma*

«The authors point out (Trans, Roy. Dublin Soc, 5., 8oy, .
266) ’(ha’( as frg'chcls %710 a’l%evna’(inj silicate and calcite laminac jﬂlc

bombs comﬂplc%e@ resemble Eozoon, iﬂlc silicate laminac are composeél

@piaol@ of pew’clo%e and sqoind, and do mot unﬂe@o serpcn%iniza%ion,
In the HAnnals Mao,, October, 1012, P 452, J recorded the finding of
NMelobesia and of obscure traces of @o@zoa in a Monte Somma bomb,
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Scim’c{ﬁc men were now sa’(isﬁcol %ha% Eozoén was an ob—

gect of puw@ mineral origin, and were pfro%a%@ %hcmﬁfd
to have the matter scttled. In mone of the standard works

(Rifel, Steinmann, Farlog, Lister, Geikic, Bitschli), is
Eozoén acceqo%cci as an organism,

Sir (rchibald Geikic (Text—Book of Geology, ed. 4,
1903, P. 8;9) maintained a posi%ion of judicious reserwe
amidst ’(he c1as71 of OpPposing wicws, Abius 'ha& stated
%710,’( %ha canals and passages were inﬁ??(m’(ion VEININGs of

J hcwc now conﬁwmeﬂ, %'his ciiscow@, Jwo botanists 1o whom J showcél a
mounted fwgmen% of ’fhe swmoosecl aba, ’thoujh% it resembled wje’coﬁe
tissue, J have found traces of more than one species of Folyzoa, I
remarked ’(ho.’c %he presence of %hasc organisms seemed 1o yo{n’t b %71@
conclusion ’(ha’( NMonte Somma Hacl been under ’che sea, bul i is mot
cerlain whew jfhe bomb came fwm, @vofessws johnsj(on—iavis and
_9’4”@0@ state j(ha’c most of j(he bombs are fowml among &eposi’fs oj:
pumice forming a mantle yound Monte Somma, especially amidst
’(he material gjec’tecl &uvinj @hase 6 and @hase 2 (@Iiniom cijw'on
@D, ;g), iﬂlc bomb encrusted wi’fh organisms Mlonjs b %Hefomﬂ%on
Collection in the Natural j{sjfoty Museum. Of course, it may hawe
been yicﬁecl up at some distance from Monte Somma, bt 7 %hinﬁ
not, because %71@ cncms’(inj organisms show traces o:f fusion, and must
have been among hot scoriac, cte. So it is possiﬂc that before the
his’(owc 1oem'oc1 NMonte Somma may have been su%mc@ci JIf so, it
would not be a very e%cep’(ionol circumstance, 3710 columns of %he
%mﬁe of Semfpis, a fow miles 1o ’che west, haw been rising and
fawnj fwguenj(@ like a PresSUTe gauge. whm Vesuvius is guicj( jﬂl@
vise, and aﬁw pcw’oéls of ac%ivi@ %hgy sink C@cﬂ, "@yimiﬂes; od.
12,4 2,4 P 1;1), Thc sou%h—wes’t base of Vesuwvius from Bortici to Jorre
del dnnunziata is @ j(he margin oj: %He sea,
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sc«pen’m’m in caleite, Geikie poin’(cci out, however, that
sometimes ’Che ccmc&—sys%ems are filled in wi’(h dolomite,
and therefore must have been hollow before cither serpen—
tine or dolomite were introduced; and, further, he obserwed
%ha’( no structure pwciscly similar 1o ’Cha’( of some speci—

mens of Eozoén had been discovered, On 9(71@ o’fhw hand,
71@ demanded j(ha’( cvidence %éroujh’f fo*rwcwol n suppoﬂ of
%he organic %hem:y shoum be clear and indubitable.

In the course of an investigation of the Monticuli—
poroz'cfs, 7 was led To examine jfhc group of Balacozoic

fossﬂs known as E%«oma%opoyoicls (%ﬁcw& pore cmivmols),
J fowncl n %hcm cerlain Tings wi’(h sigfne’(—h'ﬁc sweﬂin\gs
sho.pccl somcwho?( like jfhc stliceous Tings of %he stliccous
sponge, Merlia normani, and 7 concluded that Stromato—
fpo«oiois were Spongcs. But ?xesen’(@ J fouml similar
bodies in vecent ?omminifcm, and soon saw many rea—

sons foaf %e’b’cw’fnﬁ j(haj( ’(hese fossﬂs %clonje& to %Ha’( group.

On examining Dr, 5@4’«]0@%%6/5 sections of Eozoén, T was

amazed 1o ﬁml ’fhe rings ’fhew also,

J pu?ﬂishecl a paper on Eozoon and 5‘?¢oma‘?0790¢01225 in

the Annals and ao. Jat, jz’s‘?,, Sep%em%efr 1012, stating
%ha’( %71@ WEYe ?omminifem, J fouml in all of ’(hem

a comph'ca%c& awan\gcmcn% of éham?ows wi%h calcarcous
walls pcrfomj(ecl @ twbuli and canals, and also rings and
hooqos similar %o ’ﬂlose of ’C‘He modern ?omminifem, Gt
%his sjtozgc J hew %Hc same wviews of Eozoén as @m’pcn%w,
who frggcwck& %71@ olivine bands as models of ?ozmminifwc&
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clham(bws,

In October 1012 7 published in the same_journal a pa—
per con’(ainifnﬁ seveval errors? but also a verY 1MPor—
tants ’Cfru’fh, J found ’fha% g%wma%opowicls and Eozodn
were composed of layers of Foraminiferal shells organi—
cally united so as to form colonies, T thouoht at first that
the shells of S%ﬂroma%opowi&s were %%aflim in character,

and sometimes of large size with great coils of scoments,

(bu% g haw since fowncl %ha% %11@ sheus ‘YGS@‘YYI(ULG %hOSG Ojc

ﬂﬂfhen ﬁafs% examin{nj ’fha swface of a Ia@c sjoecimcfn of Eozoén

canadense, I saw %mnchinﬂ j(uﬁ—h’ﬁe structures and spwaclinﬁ crusts,
which aeppecweél to me To be covalline a!gae, and 1o whiéh J gave
pﬁrovisiomﬂ names, J hawe j:owncl since ’(ha’( %hcse sumoosecl algae are
— possi 79@ wml one cxcep’tion — puw@ mineral structures, Cerlain
opague whi’ce incrustations wml rounded eo}ges, and appcwmﬂ\y wml
a cellular structure may, howewer, be NMelobesia—like aloac.

j{’fhw’(o J haw on@ hacl holf a dozen cleaned specimens of Eozodn
to work m’c‘h, J haw asked a concqgw in Mawa 1o sujowinjccnél
the despatch o London of a guarter of a ton of Lower Laurention
Limestone, and some 3mp’hi’£e and oneiss in the Aroujh, and am howﬁﬂ
of finding remains of ozoic flova, if ’c'hgy exist,

In %Hc Annals, Otober, 1012, 7 fioured a network of fpscuclopocis,
but 7 find 9(7115 appearance to be due 1o a breaking down of Eozoén—
structure in olivine, c@am, the growth of gozoow might be comqoawol
Toa fncm’b sessile mushroom, but not 1o a fountain. Lastly, ’chcw is

no emcleme %ha’( %B 9{0?@21102@6 are CQQ‘YM/'@CI f’YO‘m B%’YO‘TYIQ%O‘PO‘YW&S
g ’(hmﬁ %1115 ajecj(we COWW’GCH cIescw‘bes %710 ﬁ’}’s% Of a serics Oj:

O%SGY‘VCL%O%S j(ha% cqﬂmma’(ecl m %710 &1500#0@ Ojc %hc nummdosphcw
on Whichj s%mnje %O TGIQ%@, we ho,w %GG% 1‘1‘1«'1%3 an jﬁps ’Wme sans Z(Z

savorr,
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Eozoén in %ei@ @piae& nummulites wi’(h alay péro%fnja—
tions # and in being on an awverage less ’(hcm 5 millimetres
(o.z of an incm in diameter, The 1@4:9@ spizrcd and Eycli—
cal ?a%%eqﬂfns scen on jfhc polishcol slabs of some species
of g%oma’co]oowi&s do mot %eiong 1o sinﬁe 10,6):90, sheﬂsl
bul 1o series of small ones. Simﬂwf@ jfhe 10119 fpaw&—

Tel bands arc wverlical or o%’guc sections of roulcaux of

shells, (4 %10 lens will show the disks all over the surface
of Stromatopora, dctinostroma, Beatricea, Xabedhia, cie.

The tubercles in specimens of ’fhe last—named Jgenus are
sifmtply %He offect of me%amomhosin\g agencics, and I do not
%hinﬁ %he genus will stand, The &wnoyom tubes belong

Yo fow@n oqyan{sms suéh as worms and corals,

On ’fh@ surface of specimens of Eozodn, if mot oo
much crystallized, it is casy to find plenty of disks with
umbilicus and radial rows of pores, cUﬂle‘rc %He surface of
a shell has been damaged the alac and scp’ca can be detected,

Th@ m’mn\gemm’( of disks in S%roma‘?omm and Eozodn
m@h’( be compomcl iclmuy wi’(h a number of vertical pﬂes
of coins, cach coin having a central hole (as%«o*rh{za or
um%ﬂiws). A S’(froma%fpovoicl amwoachinj %His ideal ar—
mnjcmcn’t is founol in Z{ecep‘?acumes wijfh its well—marked
colummns and fai«r@ «@ulafr swrfo.cc ﬂpo,%jceﬂm,

(4 wvertical section of Eozodn fwguenj@v shows alternal—

ing wavy white and green bands, and curious branching

#(@& Yorm clcs@na’(inj jfhe cen%«riepe%c& v—shajoccl 104*010119@%1’0%5 of a

coil cm%mcinj %Hc pwvious@ fowme& coils,
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canals in gfhe whﬂc pafrj(s,

5@4’700%’(04’ was under %he iMmpression %Ha’( a specimen of
Eozodn was a monster ?ommmifwd shen wml hu\ge chcvm—
bers awanjeol in Ictymfs scjoam’teci @ ’(hicﬁ whi’(e bands of
seconﬁa@ skeleton vpe@rfmea’cecl @ %ranchinj ccmofl—sgs’(ems,
e compcwccl %71@ efnownous@ Ia@c “cho,m%ws” 1o %Hosc of
Folytrema, and described them as having “grown wild,”
meaning ’(hew@ ’(ha’c %71@ haol csco,peci control of some spi—
ral pa’(jcwn and 71@& become “acervuline,” _ﬁc Y@aﬂ’clccl Eo—
z06n as a member of ’fhe Mummulitidac because He ’(houjh%
it «possesseﬂ ’(hose ’@?es of sjrwc’(wre, vz, seconc?m:y skele—
ton and ccmcd—gys%cm ’fha’c are clwe%fpecl toa cowcsqoon&inj
degrec on@ in the higher members of that fafm{@, Brady
wicien%ly influenced @ 50,4'10@%’(04’, phcccl Eozoén in a new
sub—family of the Jummulitidac, viz,, “sub—family 5 )
Eozodninac — test forming irreoular, adherent acervuline
masses. Eozoon Dawson — Test acnlewn%, outlines 177e9—
ular; comfposecl of sggfmefn’cs awcm\gccl al ﬁafsjc in more or
less reqular supeorifmposcol 1@@4’51 su%scgwnjc@ acervuling;
wml in%evsejo’(c& skeleton and mmifyinj canals,”

T Happms to be truc ’(ho?( Eozodn 19@10%35 1o ’fhc um—
mulitidac, but neither 5@%}9@%’(@4’ nor ZBmcIy bring forward
any cvidence in swpqooer’f of %his %heoty, For cefr%m'%@

%hc green spaces are not ?omminifwc& cha«m?wzrs in any
sense, j(hc wh{’(c bands arve mot seconﬁa@ skeleton, and j(hc

dendritic structures are mot pseuéloyoclid canals,

Ao wonder ’(hc %hcoe:y of otgwm'c o¢{9in has not been
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acccfpj(c& @ %ﬁe scien’fiﬁc world! 7 can now cbcwly UN—
derstand why Asbius and ’(he mimwﬂqgis’(s summcwily
ﬂrgjec%ecl ’(he ’fhcof@ of 7(71@ organic origin of Eozoén. For
i1 is msi@ conceivable jﬂla% a mass of carbonate of lime
of wholly inorganic ovigin like, for instance, a “fur” de—
posi’(ecl ffrom hea%acl waler m@h% become dolomitised and
silicated in zones, and the dolomite (or colc{j(c) zones might
become pcm’(m%ecl @ Tammhe& VCININGs of stlicates, Thefn
%hc O‘PPO%G%%S of %71@ organic jfhcoa:y m{gh’t well fpo{njc oul
jfhc impfro%o.?:iw@ of %71@ survival of any trace of organic
structure in very ancient rocks whiéh Hacl been su?gjec’(eél 1o
tervific me’famomhosinﬁ agencics, @9@{%/ when Eozoonal
rocks were Hw(lccl up fvom ’(710 crater oj: a wvolcano, %hcw
was suw@ no meed foy fu«ﬂlev discussion.  One miﬂﬁ
as well arque with an “carth—fattist” as with a person
who stated jfho,% Eozodn hcul once beem a h'vinﬁ organism,
The his%oq:y of %711'5 con%‘ovwg% 'howww, wesen’(s on@
one movre instance of 9(71@ ﬂcmjw of a priovi reasoning,
fo« sicmﬁe observation wi’fh a hancl—lefns shows %eyon& ’(ha
least s'haclow of doubt ’(ha’( not on@ Eozoén hut ’(71@ volcanic

and 1o1u%om'c rocks are mineralized organic structures,

G specimen of Eozodn was once a mass of delicate
hoﬂow shaﬂs of carbonale of lime., 3'710 whi’te and oreen
bands in me%amovphose& specimens are sim?@ %71@ result
of a ya&r’({culcw mode of mincralization’s of ’fh{s unifowm

s was only after this pamphlet was in the press that T realized
that “mineralize” and “erystallize,” oc, are spelled with a “z,” and
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mass, Th@ convineing woof is ’fha’f ’(hc nummulite sheﬂs
are pwscﬂn’( %o’(h n %71@ whi’ce and in ’Che green bands, Ewven
where ’(he banded structure is well marked, ’fh@ whﬁc and
green Ictyws vary jfrca%@ in thicAness, and often there are
1@4:9@ non—banded arcas of whi’w or green, and sometimes of
mottled green and whi’ce, Oﬁm, to0, ’fh@ individual sheﬂs
arc composed partly of olivine and partly of dolomite.
Doubtless the wholly calearcous Tudor specimen of Eozoén

1s simﬂy a mass of calcarcous sheﬂs, 0, 31anc¢ wi’fh a

lens would settle the point, Tn banded trachyles there are
sheﬂs in ’fhe whi%e fcflspcw 1@0*5 and also in %he ear%hy—

brown Io:ye«s, and somelimes one can sce scveral very fine
dark bands %mw@rsinj one sheu, In some 3¢an{%cs, jcoo, J
oﬁen sce gucw%z fcﬂsjocw and mica in a sif@% sheu, The
green bands ave mot ?omminifcml chambers, but silicated
areas cach conj(a{fninj several nummulite sheus or poﬁ{o'ns
of shens, gust as %71@ dolomitised arcas may cach contain
soveral shcns or poxr’(s oj: shcns,

In 1828 Nicholson and g%he:ric%ge found certain curious
Ia@wn’(h{m masscs of vermiculate tubes in Microscopic
sections of _@{fwm limestone, fﬂl@ v@cwol@cl %hczm as or—
ganisms allied 1o %he arenaceous ’Jromfminifem, and gave
%hem 9(71@ name _@Wuanena pwo?rlema‘?z’ca, Thesc o?gjec’fs

have since been found in O%hc’?’ limestones, cspecicfl@ n 9(710

jumssic Oolites, I che fowml %ha’( %710 _§imrcm limestones
and Qolites ave nummulitic rocks, and ’(ha’t %he _@iawomana

"dike” with an 1" in Murray, ouwr final authority,
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structures are s{emep@ %71@ resulls of <pcwja'ol solution and
wckpos{%ion n ’(he honow calcarcous nummulite sheﬂs wml
%hci« coﬂ——wi’ﬂﬁn—caﬂ structure, @mloujh %hc éhoxm?ows of
any pcw’ticulcw coil extend from the pcﬁpﬁeg to the centre,
i1 is only %he peqfijoheml pcw% jus% wi%hin %he apex of 9(}1@
vV ’(ho?( occupies much space, %hc rest of %he cham?aw—s?ace
%c{fnj jchc ’Chin flm between jﬂlc alac or arms of %71@ V
and ’(he ouler swface of ’Che next coil embraced 739 9(Hose
arms, @onseguenﬂy ’fhew is a %enclengy to %he fwma%{on
of series of concentric tubes, Further, the series of ra—
ciia%in\g sep%a of all ’(he coils lic Yo a considerable exten?
olonj similar vertical vadial 101@%05, a fac% vendered obai—
ous when one vicws a ho«izon’(cﬂ section of a nummulite
%hfroujh %71@ median 1o1cmc, @onsegumﬂy whm a sheﬂ is
su?gjcc% to pressure %ch is a %cmlengy foaﬂ jfhci« radial
scﬂp%o. To cut out, so 1o sfpeo,ﬁ, a radial fpajc%cwn, ﬁﬁaifn,

horizontal, wertical and o%'gue sections ’(hqfou\gh rouleaux

of sheﬂs would show a comfplica’cecl pleeeus of tbes, A
is not &iﬁcul’( Yo realize %ha’( whan su?gjccjcecl to clissobifnﬁ

agencies single shells or oroups of shells may form little
isolated 3¢anu1es, or big pisoh’jcic masses,  One 9(711'719 is
cerlain, viz, %ha% jfhc Girvan limestone of %ami%chcl is a
mass of nummulites, and that these shells undergo change
from j(hc effects of rainwaler and carbonic acid, ?w"ﬂle
it is possi“e to trace nummulitic structures in masses of

Girvanella, 7 belicve Girvanella structure will be found
in nummulitic rocks fﬂrom 3¢ani%e o ’(he cumoe«r @hau and
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fpossi %@ later.
J now ﬁfncl %711'5 structure a%um?cm%@ in ’Che dolomitised

silicated masses of nummaulitic limestone Anown as Eozodn.
The supposccl %mnchinj canals in 9(71@ sumoosecl scaonﬂa@
skeleton of Eozodn are simyply 'piwcmc“a” structures,
Th@ exist also in 7(110 green silicated 1ocw’(s of specimens,
§m&a%1’ons can be traced f«om circular nummulite sheﬂs
with vadiating “tubes,” Through closcly pressed fan—shaped
masses, 10 wi&e@ %mnche& spwa&—ou’( canal {ys%ems, N is
s{fmply a matler of %waﬁi@ down of sheﬂs, of masscs of
tubes, and of joining up into hollow canal {ys’fems like the
hea&inj—oﬁ of riaer gys’(ems, m%umuy %71@ stlication has
been cﬁcc%ccl more woﬂi@ n jfhosc pafrjcs of ’fhc dolomite
bands whefrc hoﬂow chcmmls haw fm’mc& as 7(71@ resull o;f
’Che fpeculicw mode of &isin’(@m’don %710,’( takes ﬂaae n 9(71@
nummulite shells, The pcculicw “frin\gs” seen in the canals
are %ch because ’fh@ ho,w been pvesenj( in 7(71@ o«fgincﬁ
shens, 7 do mot ’(hinﬁ ’(71@ are ?uw@ %hc pfrocluc’c of
mincralization because similar structures exist in recent
?omm{nifcm, 3'71@ Yings and holf—ﬁf@s visible in decalei—
ﬁecl pw?am’fions of spiw”( specimens of Z%Zy%wma appear
to be hofr“@ %h{cﬁeninjs n %Hc mfgh?aowfhoo& of %hc rims
of 1oseuc107ooc1iol pores, Jf this be so, a sevies might form
alon\g vertical rows of pores in nummulites, in which ’(hew
are NUMCEYOouUs SUCCessive %:yws of shcn—wan cspcciol@ al

jche central pa«%s of %hc shcn, Tha existence of ’(hese bodics
in Eozodn and %He later S%roma’toyoroi&s may be duc 1o
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mineralization of the rings, or again, the rings may hawve
been calcareous skeletal ’(hicﬁeninjs of Pore—rims, wbha%—
cver be 9(71@1'4’ nature and origin, it was gfhc ﬁn&inﬁ of %hem
in Eozosn that fivst led me to doubt, possibly on a wrong
premiss, ’fhe %Heoty of mineral origin of %Ha% structure,

T cannot ﬁfn& a sin\g’le po{n% of zoo1q9ica1 &iﬁcwme be—

Yween Eozodn canadense Dawson and S%Wma%o;vom con—

centrica §o1c1fuss, In %o’(h %hew are 1@@4’5 of nummulite

shens of 7(71@ same structure and size, (ds 7(711'5 is not a
s\ys’(@ma’dc treatise, J shall continue to call the Canadian

Dawn @nimal @ s well—known name.

@Wlouﬂh ’(he 71{971@5’( @pe of ’J(omm{n{fwol 0‘719@%‘1'5@%1'0%
is veached in the fami@ Aummulitidac, owing to the devel—
oqomen’( of a seconﬂm:y skeleton in ’(he walls and between
%hc scp%o, of %ha shcn, \yc’c %Hc S%«oma’(oqoowi& @pe of nuM—
mulite is o sitmjoflc one, for the thin—walled shell consists
mew@ of a continuous and em%mc{fn\g spiml coil divided
up into similar sggfmefn’cs, ?uﬁhw, whﬂe 3froch71 n %he
horizontal picmc 1o¥oc1uccs the coil, growth in the vertical
leads %o ’(710 foyma’w’on of a bud which simﬁy frepm%s 9(71@
ho«izon%oi and wvertical modes of 3¢ow%71,

Tha {n&ivi&uau@ of cortain j@pes of S%«oma’(oyo«oicls is
well—marked in %71@ ?omnchinj forms, and in Beatricea and
ﬁiecep?acuZﬁes, 771@ shapc oj’ massive foo«ms such as Stro—
ma‘?o;aom concentrica and Eozodn is mot so well—defined,

Simﬂm’@ in corals, specimens vary jwa’c@ n ’(he cle\gwe
of &eﬁni%emss of %hcia’ shafpe, 371@ jumssic Oolites and
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Chalk are probably mainly masses of Stromatoporoids, yet
it is not possi?ﬂe to define ’(he shcqoes of specimens, nor

cven Ojc ‘Y@@jcs,
* * * * *

On . o3 (sufmmw@) 7 state that Eozosn differs from

Balacozoic fowms n posscssinj a scconcla@ skeleton, This

statement is erroncous and shouw be deleted,

ol % 0l % %

J am cevlain jfha’c jchc 107}9 and, at times, bitter con—
troversy on the mature of Eozosn is finally seftled, and

it is mow possime Yo sce ’(ha’( %o’(h sides were w{gh’( and
%0%71 wrony, The belicvers in ’(hc organic jcheof@ WEre «{971’(

althouoh %71@ failed to bring forward sa’a'sfac%oq:y fpzroofsj‘;
but ’(he uqohomws of 9(71@ mineral %heoty were fuﬂy jus%iﬁecl
in frgjecj(’[%j %he jﬁhcm:y of organic origin until jCthosc pvoofs
were for%hcominj,

* * * * *

Miscellancous addenda, — Tha %ifmcly &iscovc@ of %110 real mature of fﬂlc whij(c bands
in Eozoén mecessitated the rewriting of the chapjfc% Jo fll a vacant space a few moles are
added,

Aote 1. I have now found that mica is wholly composed of tremendously compressed
masses of nummulites, In fai«@ ’thicﬁ laminace i1 1s oﬁcn possimc o see a.?:umlan’@ ’('hc
civeular oroups of scales, pores, umbilicus, ek, and waasiom&@ at %710 cc‘iges of Taminac %110
willow pattern and the minute reticulation formed by alac and septa, NMica is probably a

remnant pvo&ucj(, silica and oﬂlw silicates having ﬂisaqopeafrecl

“t must not be forgotten, however, that Dawson, Logan and Car—
penter pointed out the external resemblance between Eozosn and the
Falacozoic Stromaloporoids, about Hhe organic mature of which there

was no clispu%e,
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Note 2. In Z?o'of, C. _@0:9@1'5 memoir on 5(110 pc’wo{lw of Madeira k%aﬁsc’h. 3cu%5c71.
3001@. _@escuéh, Bd. 6, fb’ﬁ 3 1012, P 434, ?19 19) a micvo—?ho’fqgmfph Lx5o) of a
section of %rachyclo%ﬂ%e 1s shown, mla section is %ha’( of a resorbed amphi%o% WH{EH 'has
become chaﬂnjcc'l into m@ncj{ﬁc dust and ﬂloni%e m:ysjfah, Wﬁ’h ’r’he aid oj: a lens 7 can see in
j(he lower dark pcw% of j(he ﬂguw jﬂle cireular outlines of masses of very small nummulite
disks looming through the crosshatdhy, the disks being 3—6 mm. in diameter in the fioure
G pc’wdqgmd fwcn& showecl me a cws’(cﬂ of hovnﬂen&e ?wcaﬁm3 down, gach mogm’a%c
cws’fcﬂ at %Hc pcwqohcty of ’(hc Ho«nﬁmc& cw:ysjfcd fowmcol ’(hc centre of flake, wppawnjdy
oj: fel spar, The clear ucnow contral pcw’f of the laroe cws%a'[ also was fam’f@ aerolated,
wﬁh a dark 5100% in each acrola. ﬂlc acrolar pa%j(cm amocwcn’@ is jf’hajf whuh Has %cen
at oul b %hc sepla and successive coil—rims of a much—a?fwc& nummulite s’hcﬂ Compcwe
also 9(110 (3) Hacmajfij(c intra—cameral pm"(icics in limestone shaﬂs, &pzpawn%ly few{c and

fcwous 3m¢wles Havc become fcwoso—fewia mqgnc%i’(c—dus%
Tote 7 A specimen of zec’hs’fem dolomite) fvom MC&cr—%clm‘bach (in my own
?ossasswn) is appcwcn’@ not jfhc ovggmol clo1om1’fc, bt a dolomitic sechmcn’faw shcflc
Tote 4o 5onccvn1n3 3\ Mallet's %heoa:y %ﬁa’( %ﬁc mcﬁmg of igneous rocks is duc To

compression, J %@ to submit a very 'humme pwsomfl observation, 7 asked a macﬁsmml to
hammw a bar of iron on an anvil, In a fcw seconds 9(116 hammcwcl end was oo 1109( for me
to %ouéh, and in less %hcm a minute, for ’ﬂle m‘uﬁsm{j{h hims&f to hcmcnc, Thc arm of 9(110
mi_q’h’fics% mortal macﬁsmml is fceﬁc beside 9(11@’( of %hc tiveless Vulean, Tt scems a curious
paradox that the cooling of the carth should lead to the melting of the rocks!

Tote 5 Sands and muds which 7 3a%hevcﬂ at Sanélw{ch and Cuckmere haw now dvried
and Harélcnc&, and 9(71@ nummulitic structure, dificult to detect in %’ha moist stale, is now

aasi@ Yo be scen.
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2 Borto Santo and Madeira

"Neptune, besides the sway
Of cvery salt flood, sand cach cbbing stream,
Jook in ?::y lot "twixt 111971 and frwj(he« jow
Imyperial rule of all the sca—girt isles,
Tha’( like %o w’ch and various gems inlcgy

The unadornéd bosom of the ﬁecep;” Comus,

In Scp’(em%w 1012 Y jowmgyc& to Borlo Santo wia
Nbadeirva, in order 1o comjole%c my investigation of that
s’(mnje organism, ’(he gpon\ge—alga Nerlia normani,

Going from Madeira to Forto Santo — and T have now
made 9(71@ _Journcy four times — scems o me like making a
trip from the carth to the moon, The little island, which
lies about 20 miles AVE, of Madeira, is aboul six miles
long and one to four miles broad There are mumerous
1#le mountains or picos, of which the highest is about
1500 fee’(, Th@ form two groups wi’(h a low saddle, pcw’@
occupie& ?Zy a 3%0?( lava flow, between,

On ’fhe SE shore of %Hc island, onc of 7(71@ BFicos (Z’?

ZBaieeo) fowms a m@niﬁcm’( ’wianjulw csccwqomcn’( about

a00 feet hioh The summit is formed by a sharply defined
%v{an\gu(la« mass of 3¢@{sh—whi%e colummnar %méby’(c; below

this arc dull ved and pu«ple bands of scoriae, and still

IO‘WG’Y ajvea% %CLSCJ mass Ojc Macﬁ COhLm‘HCW %CLSCL(P( com—

1'139 down 1o %hc blue water and ovw@inj al one piace a
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NMiocene coral reef, the ensemble pro&uc{nj an indescri b—
a%@ %mu%ifd eﬂeo’( in ’Che s’(mn\gc@ %mnspomn% atr, W’c’h
%hc c%cc]o’tion of cerltain %M%ia@ coral wefs and some posjf—
pleis%owm blown sands j(he who% island is wvolcanic, 3710
lines of dike—like crests of ’Che mouniains, if continued,

would converge towards a poin’f situated out at sca o 9(71@
north of the island, where the crater of a huge wolcano
must Howe been, The dikes and lava streams show %ha%
Forto Santo Tsland is ’fhe base of %he sou’(hewn 51010@ of
jfhc voh:cmo, all ’fhe rest Havin\g cl‘[samoco.wcl possi %@ @
submergence, for, judoing from %he soundings, %he island
was pw%aﬂy very much 1m:9w n fowmw Yimes %hom 1 is

now.

One o?ciy my amiable and accomﬂ%hd fw’efnci Seﬂr{hoq’
A G Noronha, who haél accompomie& me to %hc island,
showc& me some qugmcn’(s of banded ’tméby%c} basalt and
3¢ani%oi3 rocks which 71@ hacl collected al s«po’(s about 1000
fee’( up %hc Fico do ?aého,

T examined ’fhcm cmful@ under my binocular micro—
scope and foufml o my amazemen? traces of nummulitic

disks in all of jfhcm. Next cia:y T wisited ’fh@ p%,ce whetnce
the fragments had come.

Thgy ha«i been ole’cachecl f«om 7(11@ rocks laid bare in
torrent beds, WHM J saw %he Huje boulders of banded
trachyte, 7 thought 7 had made a mistake about the disks,

but on fre’(udmin\g to %he w'no:ge, J again found sure evidence
of %hc{fr existence,
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&j%r all T need not have been so doubtful about my
first observations, for T remembered %he account which D,
g Lindstrém awve of ’fhe huﬁc masses and balls scveral
fac’( in diameler of 3‘?¢oma‘?o7oofm discoidea whiéh he ha&
found in _?o’(mmcl and which he considered 1o be corals,

but whicﬁ we now know to be colonial ?omm{nifem c1osc1y

allied Yo Eozodn,

Senhw Noronha showed me the S'po% where he had found
jfhc hwh@ c@s%anim 3mm'%o1’cl vock, viz, at %he p1ace of
Junction between a dike and the older basall T spent
several ﬁajs collecting rocks, and found that almost the
whole island from the shore to the crests of the moun—
tains was made of mejcamomohosecl nummaulitic limestone,
and that the houses, the boundary walls of the fields, the
boulders on the scashore, and o some extent the soil and
’(he show sands® were likewise coemjoosccl of j(his material,

% cowrsely granular cloiy used for roofing small cottages
also contained jfhe disks, so ’fha% Eozoén Haol at last arvived

at gfhc fa%c gfha% m{iﬂﬁ hawe %efa“en ’fhc dust of ‘mepw{cﬁ
Caesar, &Um:y in%ews’({n\g, to0, weve ’Che Raolinized basaltic

boulders, 100ﬁi%j like choiﬁ full of black pc%les, and in

“m‘le 51107’0 SGMCIS Of @OY%O SCL‘H%O are mm’n@ C&ICQ’Y@O‘LLS} %u% also

’Chew are pwsenjc grains of wha% T belicve o be 3¥eenish olivine. The
waves siﬁ 9(71@ darker siliccous and 1{971%04’ calcarcous pm’%{ﬂcs and
make a curious banded structure whic'h sometimes 11@0’(10‘115, @ boulder
of %his ﬁne@ banded material fm@h% be mistaken at first for a piece
of banded volcanic rock. Of course, a 31wnce wiﬂl jﬂle lens reveals ’ﬂle

4’001 S%YUC%%Y@,
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the final stage like pure chalk.
On my return Yo JMadeiva, I found that heve also

3(71@ volcanic rocks were made of cha%\gecl nummulitic lime—
stones®

@ a spot aboul 2800 feet up the Pico do Infante,
and near %71@ house of may hospi’(aue jc‘riencl %71@ Rw, A.
D. @a%wson, 7 saw a bed of 71159@ balls of volcanic rock,
varying in diameter ffvom one To several fcc%, Th@ Were SO
%aél@ wm’(hewcl %ha’( it was Ppossi ble 1o peel of large flakes.
The balls are com]oosecl of %ascﬂ?(, and haw been w\gomlecl
as “bombs,” which had been hurled up into the air and had

fanen back into 710% lava, %hew@ becoming recoated, This
%Hcoty is 104'0%,?919 incowec’f, because ’fhc stones arc on ’(he

mountain side, and not in a crvater, Onion stones are not
uncommon wherever wolcanic vocks exist, The IMadeira
eeecvmplcs are in volcanic soil, i¢, in ciis{n’cggm’(ecl volcanic
rocA.

R Mallet (Trans.  Roy.  Trish dead, 183z [1830]

P. ;5) describes a ’(mjo rock in _?olwcgy, whiéh fmc’(uws
iwgguhﬂy when struck wi’(H a hammer, but which reveals
a 721'&3@71 nodular structure when blasted wi’(h 3unpowc1e¥,
fc compares %He mas’(inj 1o ’fhe sculfp’(o«’s éhis& whiéh (in
%he _@wcﬁ famc) revealed j(he statue hicwm in %he marble,

‘8&cco¢&in31y, whan %p’(um took in @ lot ifm?owic& rule of %71@

volcanic isles, mlomcc sided wi’(h jus%{cc, for volcanos and lavas are,
in jﬂle main, alleved ’Jromminifamfl seafloors, 1o whiéh, suw@, ne’fhw
Tove has mo claim,
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je notes ’(he s@niﬁcomj( fo.c’f %Ha’( cortain visible c@sj(cﬂs
never went %@0%3 %71@ %ouncunj swrface of one nodule into
omo’chw, &fmoawn’(@ a laminar structure must haw existed

in the rock before the cé@s’fafls scpcwa’(ecl out, @ro%cfb@ the

lamination in onion—stones is duc 1o ’fhe offects of cooh'ﬂ@,

In ’fha case of %he NMadeira onfon—stones pwoola%in\g

water and root ﬁ%w’ls appear o haw worked olonj ’(he
ZONes of least resistance wh{c’h had foewmeci as a resull of
shﬂrinﬁo:ge in ’(he coolinj rock,
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On 9(71@ World—wide Distribution of
Nummulitic %cﬁs

On my return to London I made a petrological tour
of 9(71@ world in 9(71@ AMineral _@aﬂe@ of jfhc Natural
istory Muscum, 7T found that the wolcanic rocks of
the wolcanic islands of the (Mantic, from Tecland 1o St
_fdcna, of jfhc Grctic (Spi%s%c@cn), Nbediterrancan (E’ma,
e%c,), GAnlarctic (%ss Tsland, Ercbus and %wov), Indian
Ocean (fw\gu&m and mp’is%mas ?s1anc1) and Gacific (3:171)
Were composecl of me’(amomhosccl nummulitic limestones, J
next p«owe&c& 1o examine ep%’conic rocks and many of j(hc
me%amowphic ones @neisses, some schis%s), and found %71@’(
%hcsc were of %Hc same nature, In a piece of 3a¢nc%{fc¢ws
schisj( whiéh J 3@’(71070& in j(he bed of a river in %ﬁe Siﬁhim
jimalogas, %he nummulitic shens have become modelled in
grains of 3@7%@%, In o%hw pcw’cs of 9(71@ fwgg«mcn’( %hew
are ordinary m:ys’(ols of garnet, and mica, The specimen
formed pa«% of a huje boulder which my kind hos’c, A,
John C. WH{’(@ ’fh@ %si&en%, ha& caused to be blown up
wi’(h c@fnwmi’cc,

J have examined the fragment of grey basalt dredoed
up ?39 %ha 57zaﬂefryw from 1950 fa’(homs from Lat 53°
55’ S, and Long.  108° 335 &, also two picces of vock
obtained @ ’(he j(d@ﬂ’wph engincers of ss, Cambria from
2,200 Yo 2,530 fathoms in Lat 5:1° 35" A and Lomo. 15°
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43 W, and Lat, 51° z4' AN and Zﬁonj, 16° 30’ W, and
ﬁncl ’(hem all o be chan\geci limestones in which ’Chc sheus
are cleo;r@ visible, Thcsc blocks fm@h% ho,w been ciﬂromoccl
from iccbergs, and Possi %13 do not belong 1o the localities
n which ’Chgy were fowncl, 1 jthe same Hme ’Chgy may
do so, move cspcciol@ %hc two last specimens, Eﬁasﬂy, J
ﬁwm@ belicve I ho,w founcl %71@ sheﬂs in many of %11@ 5%0@

meleorites or acvolites, and cven in siderolites,

Tha disks are, pwhaps, beHer scen in basalls %71“” in ’(he
71197{@ c@s%auim oranites, and better in homogencous than

in vesicular lavas, in which last i is almost 1MPOssi ble 1o
ﬁnél %hem, J haw not been able o detect ’Chem in cerlain
volcanic bombs in whiéh j(he lava has been reduced almost
b a Hom@cmous pasjte,

The difference behween the Eozosn* of the Lower Lau—
ventian Limestones, and 9(71@ Eozoén of a 3¢ani%c or gneiss
is due 1o %he fact jﬂlo,j( ’Che former was modified to a less ex—

tent and in a different manner by mej(amomohosinj agencies

Phan the hwo lather,

0l % 0l 0l 0l

T would adwise ’fhosc who may wish to look into ’(71@

matter for themselves Yo examine igneous rocks cafrcfd@
and ’(howu\gmy wﬁh a jooci lens mqgnifyinj ten diameters.
A first %ch will be a \9@%@4*@11’5@& imepression, and nojfhifnﬂ

19@4*0%13@ 3(71@ Eozoic limestones ave all comjoosecl oj: jﬂle colonial

nummulite of Bj(voma’(omqfoi& Eozodn,
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but a confused mass of minerals will be seem, but the disk
structure will 3va3ua11y reveal i’(se1jc, cllsuaﬂy %71@ central
umbilicus and the civeular avea of the disk will first be
seen, and then traces of radial and concentric lines, and
Ppossi %@ vadial serics of pores, _§moluol@ skill in ﬂc%ec’(inj
%hcsc structures will come, and wi’fh i1, %he Ppossi ?91'11'7@ of
orientating®® the picces of mc%amomohosccl nummaulitic rock,
especio&@ when a row of disks en face or in rouleau fs
discovered. Of course it may not uwreasona?a@ be poinjwcl
out how casy it is Yo choose a centre and imagine a circle
round i, cfc,, and ’fha% if %71@ existonce of a ’(711'%\9 is
sjwonj@ asserted, it will Tend To become wisible oWning
to the influence of suggestion. WHen the obserwver has scen
%He disks in many kinds of igneous rocks and gneisses, ha
will, 7 believe, vefuse to accep’( j(he Eypo’chesis %ha’f he is
j(he victim of delusions,

7 haw examined many kinds of non—?omminifwd
érocﬁs, coarse somols’(oms, 51@5, 3ri%s, ?seuciomomhs, con—

cretions, cle,, in order to mote whejfhw 7(71@ disk—structure
prcscfnj(s itsclf, and OccasiO“nal@ J have met with appear—

(4 vock formed even of separate disks would tend o show a layered
structure, but 7 belicve ’(he ioncous rocs o be 5’(¢oma’c0ﬂpowi&s or
colonial mummuliles, and thevefore T use the Term “ovientating.” If
’thesc vochs are colonial ’Jromminifcm, %71@ stromatic a«vanjemen% must
be c%%iwly olas%rrgyeci in very h'guiél lavas — such, for e%amﬂe, as ’(71@%
referred to by 7 D. Forbes (Oecasional Fapers, p. a3), which flowed
down Vesuvius ot a rate of a mile in 13 minules, bul 3@% ’Chc disks
fpwsisj(,
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ances suﬁgesjciw of %Haj( structure, In gfhe case of igncous
vocks and g%ﬂroma’(o?owici Limestones, howweer, it is mot
mew@ a gues%ion of disks, but of %mm{mfemz disks
often more or less definitely orientated, and individually
fpwsen’(inj a good deal of structure whether seen en face

or in wertical or o%};m section,

T is desivable o appﬂroaéh 9(11@ su?gjcc’( wi’(h an open
mind, (4 gympa%he’tic atitude is still beler, and will be
rewarded wi’fh a m?oiol a«ppwcia%ion of an imcpovj{cm% ’(W’(H,
e clisposi%{on hos’cﬂc 1o 9(71@ new j(hcow may, J am afraid,
lead the observer 1o underestimate the value of cven wery

clear indications of oa:gcmic ya’(%edrfn,

J mgself haw now made mumerous obscrvations on all
varictics of 731%%0711'@ volcanic and oneissic rocks and can
detect j{he disks and a cerlain cl@we of banded structure
in all, cven in eeewmples of Hberdeen and 50¢m’sh \9«@%1’%&
‘D{oujh or 70011'571@& surfaces, but best of all, surfaces Aroujh@
fmc%wecl omiguely cﬂonj %He ov@inc& plomes of %ecwinj
will show %71@ disks, sometimes en face, sometimes on eclge
or in section, WHw J examine a piece of arey 5o<rfm'sh De
Lank granite about the size of my hand, and split obligucly
J can aﬂer a time detect wi’ﬂl a %10 lems a Hfumlwcl subile
cvidences of %he indubitable facj( jfha% J am 1ooﬁinj at a
fragment of a silicated nummulitic vock, JWica, felspar or
gucw’(z may enter indo %he comqoosi’(ion of ’(He disks. The
alay p«o%nya%ions of ’fha nummaulitic sheu are fwg/wn%@

modelled in series of %711'% %tycfrs of mica, The umbilicus

-
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is usually well differentiated, and rows of pores are often
visible, N is desivable 1o pu’( in a word of caution hew,

viz,, not to mistake fine lines made with the “patent—axc

foqf indications of S%érovmo,%opo«oici structure,

:The mincralized medals or disks vary in diameter fvom
about om—si%gfh oa ’fhiwl of an ifnéh or more, It must

be remembered that ’(h@ arc crushed and flattened struc—
tures presse& cgcw'ns’( cach o’(hw, s0 ’(ha’( it s &iﬁwp{ 1o

estimate How «muéh of %he who% ofr@inoi disk 1s scen in

any pm’%{cu(lm’ ceeam«ﬂc,

N s very diﬁcupc to detect %71@ nummulitic structure

in 3mm'%cs wi’(h very Ia@c c@s%als, or in @@ma’({’(cs, J
hawve scen the disks, however, in a thin section of 34’@7071%
3¢ani%e from harris, R was, 7 beliewe, ’(h{s very section
%ha’( D, &wpcn%w described as (3 Mew Laurentian Fossil”
(ﬂ/a’%ufre, May 4, 1826, vol. 1, p. 8) Laler (Lo May 2,

58 he fre’(mc’cecl and eeqohmecl ’(ha’c he hacl cmw%aﬁen 9(71@
fcws?oa’ﬂpc bands foy calcarcous ones. _ﬁc was 4’1911% aﬁw all
in his first opinion, For at gfhe _junctions between ’fhe two
kinds of c@s’(oﬂs 7 can make out %71@ ?omminifevd disks
cut wfr’a'col@ and om{gw@, TH@ ho,w whoﬂy &isappmwcl
f«o«m jﬂlc space Occupiccl @ jﬂlc main wicml of méh lamina,
Carpenter writes, .. whether the graphic granite may not
be a mc%amomohoseél fomn of an anciend organic structure

.. 1s not to be decided @ a@om's 1'7ase dixil”

Jraces of %71@ disks arc visible in pumice, asbestos, jade,
meerschaum in %he rough state, sooxps’conc, sefrpenja'm, verde
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antico, and precious porphyry*

ANlessrs, O’fcwa cmélfoa«r ﬁ{ncﬁl@ pwmi’c’(eci me To exam—
ine on ’(heiﬂr PYEMises NUMerous c%amples of pumice fﬂrom
all parts of the world, I found the disk structure best in
cerlain hom:l blocks, of very 1l use commwcic&@, here
%hc ascs hacl burst up ’Chwuﬁh ’fhe mass in such a way as 1o
%frifnj oul jfhe coiled «pa’(’tevn oj: 7(71@ disks fai«ly &is’tinc’t@,

J was given a picce of "1@ called U{wﬁ@ Green, and
jfhis J fowml 1o be a Raolinized 19meous pvocluc% showinﬁ

cvident traces of the disks. (doain, T found faint races
of them in a pure white siliccous “halk” which had been
discovered under the soil in Spain, This “chalk,” which
contains over 8o per cent, of silica, is comjoose& of diatoms,
siliceous s«ponge—sqoicuies shapecl like bent vods poin’(ecl at
cach end, and nummulite disks, If the diatom—frustules and
spicules are those of fresh—water organisms, the formation
is po’o%a%@ an ancient lake—bottom, %71@ disks beino ’(he

detritus of nummulitic limestones carried down @ yiuers

and deposited as mud amidst the falling diatom—frustules.
In %he %%w’c&fis’(oty Museum ’(hcw is a similar chau—
like mass of rock from the floor of a lake in (Hustralia,
fcw jﬂle diatoms are cwj(ain@ fwsh—wa’cw fowms, 3710
inwes iga’(ion of %hese siliccous rocks led me Yo examine 9(71@
“Barbados Earth,” a marine AMiocene formation very rich

in aa&ioiavia, 3711'5 "ccwj(h” is cssen’tial@ a nummulitic rock

= am fmuch indebled to Nlessrs, Farmer and @«m&‘t@ fm’ spccimens
of 7(710 two last named rocks,
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on j(he swrfacc of whiéh @Kaﬂio’lm’ia hcwc con%ifnuo.ny fancfn
in %he course of its 3¢ow%71, &mlouﬁl %he carbonale of lime

has gone, ’(hc nummulitic structure is wcu——pwswwcl
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4 §e01q9ica1 and ge@nos’(iwfl Consid—

erations

7\4@@ men of science belicve ’fha’c 7(716 \9%03@« pcch of
the land surface of the olobe has been bencath the sca®
but %he éliscowf@ of ’(he nummulitic origin of 1gneous rocks
tends 1o prove %ha’t at one time or cmoj(hw j(he who% areca
ho.s been submarine,

Tha 30%04’01 distri bution of 1gneous rocks and gneisses
on or below %710 swfacc of ’(he 1@%&, and ’(hc world—
wide occurrence of volcanic islands (ov heaps of silicated
?om«mim’feml h'mcs%om) over all ’fhe occans, appear 1o
poin’c 1o ’(he conclusion %71@’( %hefrc was once a fnecw@ UNI—
wvsaﬂy distributed crust of nummulitic limestones

Uf, over \94’@@% areas of %he &eejo oceans, %71@ floor be—
nca’fh %he 002es$ if fo««mecl of a wlo?(iw@ shauow—wa%w
?omm{nifcmn, j(hew would 704’01)@%@ have been a compen—
sa’a’nj rise over oj(hw areas of jfhe 30%@«@1 crust of %71@
310130, Slow secular contraction duc 1o slow secular coolinj

“@wiﬁ :7 W, §4’g90@ (iﬂle m/ﬂaﬁif@ of %Hc ‘gcwj(h,' P 114) mentions
Scandinavia, Finland, and certain O%Hw regions as arcas which may

ho,w existed olwctys as land, 7 ﬁncl, howcwfv, %Haj( cven %he most
cocwscly ctysjfanim igneous rocks f«om Scandinavia (cz;g, Swe&ish

%sc §mm"(c) relain undoubled traces of ?ommin{fcml structure,
and ’Chewfow resemble ’fhose of o’fhcfr countrics in %cinﬁ Jla@ecl and

upheaw& seafloors,
=Since 9(111'5 was pvinjfccl J Have foun& %haj( all j(he &ecp—sm 00z¢s

haw a nummulitic matrix,
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of ’(hc 310%@ ho.s been going on fo« immeasurable ages, N
is not unrcasonable to assume ’(ha’c %he cws’(, clwfinj 9(71@
ccw@ s%oges aﬁw consolidation, was move unfifo*rfm@ lewvel,
and %Ha’t 3«@@% &p«css{ons and clevations below and above
a mean level came later, Fossi ?oly clwri%\g ’(71@ carlicy pow%
of %he Eozoic Era %hew may ho,w been a nm@ or cven
whoﬂ:y universal occan, w’lo?({w@ shallow over a oreal
fpcw’c of its avea, Tt is, at any rale, almost certain %ha’t
%hc occan covered a much 3«ea%e¢ arca ’fhom at pwsefn%,

Thc Eozoic Era yyo%a?@ %@cm at jﬂle moment when
’Che «phm’c hacl cooled down suﬁc{enj@ to allow of ’(he
fovma%ion of %71@ h@h@ co«mﬂex and unstable molecular
combinations out of which pﬂro’(oplasm, jfhc phys{cﬁ basis
of 1{3‘5@, is made. This substance must w{&cnj@y hcwe been
fo«mc& on an immense scale. (41 ﬁw’s’( 1 must haw ho,cl
%hc plom’t mode of nutrition ?Zy means of solar energy, but
po«%ions of i1 Yook on ’the saepvoﬁy’da and po.msi’({c ha%i%,
@ kind of wi&e@ spwaél @a%%y?vius must [haw existed
aj%r an, and when ’fha% took 1o foymifn\g a skeleton of

carbonate of lime, a colonial reef forming Foraminiferan

would 3¢a3ua1@ be cvolved,
T s e%’(wmc@ pq*o%a?ﬂe ’(ha’( Eozoén lived in shaﬂow

wa%w, because an organism so e%’(cnsiw@ and a%uno?an’@
distributed would reguire a piefn’(ifui foool supp@ such as
could be found only in sho,now sunlit walers, ?uv’(he«, ’(he
Coral wefs of later epoéhs exist on@ in wh%iw@ shcd—
low water, @(jaifnj J have found coralline aloac growing
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on (alacozoic mon%icuh'poms associated wij(h Stromalo—
poroids, and it is unlikely that the Eozoic would differ
3wo?(@ in ?oa%hyme’wic range f«om %he Galacozoic fowms,
@caov&ing@ %hcfrc s reason fo« %c’h’winy %hajc Eozoén lived
in %Hc coralline zone, In course of time ’C[hicﬁ beds of
?omm{nifwcﬂ limestone were fownecl, and ’fhese under—
went mcj(amovphosis jusj( as has haemocmcl n %hc case of
many fossﬂs in later ages.

Thc 3rac1ua1 shrinﬁqge of 9(71@ ecw’(h’s crust would give
rise o a greal clevation of ’(cfmfpem%uw, sufficient to fusc
o a jwa%w or less extent %71@ silicated nummulitic rocks.

WHen J discovered %Ho,% %71@ igneous rocks wh{ch form a
3%@’( po;r’( of %71@ known crust of ’Che eoxr’(h were composccl
of altered mummulitic limestones, it became cvident that
1gmeous action could on@ be accounted fov on j(he %71@0@
of s‘h«m’nﬁc{gc of %71@ ecw’(h’s cws’(, and ’Cha’( %heoarias of
éhcmiccd action or of interior hca’( and ﬂui&i@ weve oul
of ’(hc guesj(ion,

@ﬁw J had formulated on biological grounds a theory
of shrinkaoe, it was a relief to find %ha% Lord Relvin and
%%m’% Aballet ho,cl olwady concluded %hajt "vdcomici@”
could be wholly exp1ainec1 on ’(he hyjoo%hesis %Ha% %he m«r’ﬂl

/

s a coolinj %o@ wi’(h a con%mcjc{nj crust, (Sec @ppcncliee,
Note 6,)

iowi Relvin writes (Un %He Secular 50011’719 of j(hc
Earlh,” Trans, Moy, Soc. Edinburgly, 1862, 23 p. 160), “The

less hypo%hc’c{ccﬂ view, however, ’fha’c %he eaﬁh is fmwc@ a
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warm ch@mical@ inert %o@ is célemf@ to be pvcfewc&” —

ie, Yo ’(heow’es of c’h@miaa’l action,

Hoain, R’ Mallet (Voleanic Energy. dn attempt to
élew%p its true Origin and Cosmical @Kela’tionsf Fhil.
Jrans, 1823, p. w3, and 18zz, P. 205) proves, on the
sujoposi’({on of a shaﬂ 800 miles %hicﬁ, ’fha’( ’fhe annual
shrinkage duc to secular cooling would amount 1o about 15
?oiwon%hs of ’Che total diameter, ic, 1o a litile less ’Chcm 7
inches in 5,000 years, he writes, “Uet insignificant when
thus measured as is the amount of annual contraction of
ouy 310%@ @ its sccular wfr@emj{ion, we see how imfpov%cm%
and mzﬂf@ arc its effects in preserving %ha’oujh %he volcano
jfhc cosmical rogimen of our world; i1 fs cmo’fhcfr added 1o
%he many instances c&q’eaa@ known in %he range of natural
phﬂosophy , in which causes so minute as for 10%3 to remain
occult to us are 3@%, though unscen and unnoticed, cssential
fpcw%s of %71@ mwh@ maéhim,” ﬁ%oﬁlar hiﬁleﬁo unnoticed
occull cause fpw'rmcwi@ contri ?auj(inj 1o ’fhe construction of

jche so—called 19meous rocks Has been ’fhe h'fc force.

ﬁﬁw ’Che shrunk crust of %he cawjfh had re—adjusted
i’(sdf for a time, ’fhe rocks would cool and c@s%aniﬁzc,
WH@W ’(hew were weak s*po’ts ’fhc crust would give way,

and %hew would be an ewjo’cion, ’(he force of which would
oﬁen be increased ?Zy inroads of %he sca.,

A Hmes, the w’[a’(iw@ fecble force of 3mvi’§y would

be overcome and blocks of me’(amorphoseci nummulitic lime—

stones would be hm’lecl into space wi’(h suéh violence %ha’(
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jfhgy would fo« a Hme escape control of tervestrial al—
traction and lake on an orbit of ’(heifr own, bul would be
cap%uw& later 2

Dr. OMo hahn,*s the learned doctor of Tiibingen, doubts
whe’(he@r any conclusion as %o %11@ origin of meteorites —
“ob .. kinder oder briider der Exde” — can be drawn fﬁ’om
j(heifr chcmicoi, momoholqg{col or textural chm*acj(efrs, ‘ij
howwefr, it is truc %71@’( some acvolites are pieces of chan\gecl
limestone, 7(71@% it becomes cliﬁcu?( 1o imagine any o’(he«
’Chom a Tervestrial origin for such bodics, and %hgy would
naj(umw_y be regarded as “Rinder” or offspring. Even
some of 7(71@ siderolites and siderites may be of terrestrial
origin, For ’(hese bodies may haw been fo*remccl jus’( as iron
fvo«m ironstone in a blast fu‘r"nace, Some basalls (cﬁhan\gecl

2+@ufrinj %11@ eija'on of Rrakaloa a jwa% <pcch of ’(he mountain
was blown away, and the esefp%s{on was said o have been heard 3,000
miles away, @vo%a%@ many meteorites would be gjec’(ccl on such an
occasion,

5D, O’(’(ofcﬂln imqgim& ha haci fouml in meleorites traces of many
organisms wfpwscn%inﬂ jﬂle fauna and flora of cosmical bodies e%isjﬁnj
“w{ssn{ch%wo," WHM someone succeeded in cwa%{nj similar bodics in
’(71@ 1@%0«@’(0@ @ means of {nfwnc& Taoﬂinjs, D, jcﬂm’s %Heoty was
sup«posecl to haw been eﬁcc%ucd@ wfu’(aol

ﬂéiajoiacc's ’(Haow of the lunar origin of meteorites, which is admitted
1o be walid on ma%hcma’(icai 3*roum15, is impvo%oﬁc on %iolqg{cal ones,
fov %11@ absence of o,’tmosﬁlcw and wa’(w, and ’(hc 3¥ea% oscillations
of %empem%uw at ’(he fpwsanjf Yime render imzp*ro%ama %71@ j(heoa:y Ojc
%hc existence of organic Iife cven in ’ﬂle simﬁcs’t fowms, We do not
know enoujh about pasjc conditions To be able o specuh%e yroﬁ’famﬁ

concefrninj ’fham
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nummulitic limestones) ave known o contain a good deal
of iron, and 7(111'5 is on@ wha’( cmiﬂﬁ be cxfpec%eclj for all
pfro%oﬂasm contains 7(711'5 melal, ?uﬁhw, J oﬁcn saw on
the beach at Borto Sanlo boulders of %“""J]y%@ with well—
marked ws’@, m&m’@ ferruginous, bands. Jomeous rocks,
Yoo, oﬁen Possess mqgm%ic p«opw’(ies, as, for c%wmﬁc,

j(Hosc of _@iaﬂn’(’s @auscwo:cy and of 5o<m<passfin in 5@71%@
Jsland, Hebrides,

One of the diffcultics in the way of the theory of ter—
restrial origin of meleorites lies in %he presence in %hem
of certain substances (phosphows, nickel—iron, sulqohicks)
whiéh could not exist in an environment wh{éh included
air and waler?

In %he Ho’(’ws’c <pcwj( of a volcano ’Chcw would be a process
of dissociation ’raﬁinj place, s0 ’(ha’f compounois would be
vesolved into clements, some of which would again enter
into combination whm a lower jtefmpcm%uw pewm{%j(ecl 1

ﬂf pyocluc%s of dissociation were pwsefn% in %he interior
of masscs whiéh were %einj huﬂccl into space w{’fh terrific
force and welocity, then before air or waler could effect
a chanje, 3(71@ masses would be out of range and 90 on
foqf cvey unchanjcﬁ until %‘h@ collided wi’fh oﬁlw bodies
or enfered an a’(mosphew, Siy %%M% Ball inclines 1o %71@

?od{cf ’(ha’( %he meteorites were p«qjcc%ccl fa*om ’fhe coxr’(h in
rpasjc ages, and %71@ éliscowty of jthe nummulitic nature of

=dn introduction o %He S%uc@ of Meteorites, @vﬂish NMuscum
(%’Cuwlf{s%oty), & 10. 1008, P. 33
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these bodies confirms that belief. If these vicws ave correct,
’Che date of gj@c’(ion mus%, of course, haw been later %han
%hc fpcw'ocl of mc%amowphosis of %he fﬂro:gfmcn% of chan\gccl
limestone whiéh constituted %71@ ?af%icuicw acrolite,

% % % % %

‘Jf j(hc 1o1ujtom'c rocks and such me%amovph{c rocks as j(hc
gneisses are all of %heem me%amo«phose& limestones, %hen it
becomes clijﬁcuﬁ to draw any line of distinction between
the two classes, Indeed, this &{ﬁcupgy scems 1o hawve been
an old sj(anclinj one in \9001(293, J haw scen for instance, a
specimen fwm @(wnshiw showinj 3mm"(c intruded into
oneiss, 3'710 nummulitic disks are pwsen% n %o’(h POT—
tions, and can be scen msily n %He onaiss, but on@ wi’fh
&iﬁmﬂ@ in ’fhe 3¢cm1'%& The 3¢ani%c was sifmfply a poxr’(
of a lower zome of muéh me%amovephosccl nummaulitic lime—
stone intruded into an upper zone of p«o%a%@ se&imen’m@
chan\geci nummulitic detritus (9%@1’55).

% % % 0l *

&1%‘110@11 plu’(onic and wvolcanic rocks are awcm\gecl
chq’ono(l@icd@ accov&inﬁ to %hei« pos{%ion wi’fh zrggafrol 1o
the various strata to which ’(h@ are jusej(ajoosec’l, here j(hgy
are consfgfne& wovisionauy 1o %71@ one Era — ’(71@ Eozoic —
because not only i jfhe fauna identical, but %71@ calcareous
remains of that fauna have become “silicaled” In ‘The
Student's ijen,’ &d, N, w. juéu, 1011, p. 52l i is
written, “Theve is no reason for doubting, howewver, that,
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if we could pemj(mj(e many %Houscmcls of fac’t ?ocmofnl
’Che roots of suéh volcanoes as Uulcano and Wesuw’us, we
shoum ﬁncl %hc ﬂlyol{%cs of %Hc one 3rac1ua%inj %71701{971
wa«%z—f&si’ws into granite, and the basalts of the other
passing 739 casy transitions ’Chfroujh dolerites indo \9@%«0/

% % 0l 0l 0l

Thc me%amowphosis of calcarcous sheletons whew@
jchgy become silicated, silicified, or dolomitised is common
%hfroujhou% jfhe ages. Eozoén whiéh must now be ﬁeﬁni’w@
acccp’(ecl as a fomminifamn, furnishes an excellent exam—
ple %ojfh oj: chomje into various silicates and info dolomite,
& common forcm of silicon comjoouml in Eozodn is ’('he
magnesium silicate wi%h iron, Rnown as olivine, ’(his when
hyclm’(e& becomes sezrpcﬂn’a'm, 3'71@ grains of jfhe Cretaccous
_?freensomcis are wvery fveguen%ly casts of ?omminifwd
sheﬂs in 31auconi%e or hz./cim%ccl silicate of iron alumina
and potash,

The fdsym’ and mica of 3¢ani%e are double silicates
of alumina and po%ash, In ’Che case of ﬁmm'%e, 9(71@
?omminifemn is a massive colonial form, but 7(710 Green—
sand Foraminifera are minule seapam’(e shells, and, fur—
%hev, ’fh@ hawe not been subjected 1o hea% and pressure,
@3ain, %hc o«{ginc&@ pure carbonate of lime sheletons of
jche dolomites have become chw@ccl into calcium and mag—
nesium carbonate,

The yrevaﬂiﬂn\g conditions at various 1004’1'035 hcwe been
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very diffevent. Siv B Murchyison (' Siluria,” Ed. 4., 186z, P.
48 g) writes: "J could hew cite ’Che works of many eminent
writers fo« numerous cvidences of %He 3«@%3@¢ in’(ensi’@
of causation in fozwmcér eqoochs,,,,”

Q.Uhen ’(he occans were fovmc&, %He pwn&inj down of
%he haa’w& waters on %o %71@ pe«haps sccwcely fo«rme& crust
must haw led 1o jfheifr %ei@ supw—sa%um%c& w{’fh cortain

minerals,

In the excellent handbook, "The Science of ’('he Sca’
(pwpawél ?39 jfhc @hauef@w Socici@, and edited ?zy G 5.
?owlw), Diftmar’s cma@s{s of sca waler is given, N is
stated %ha’( ’Chew are on@ 0432 pcw’( @ weigh’t of calcium
M 1,000 pcw’(s Y we{gh’( of sca waler, 3@% Marine organisms
wi’fh calcarcous skelelons haw o extract all jchc necessary
lime out of that sca water, Silicon is not cven mentiondd,
fpﬂro?aoﬂ:@ oWning to i1 %ein\g pwsen’( in suéh infinitesimal
guom%i%{es, Tt must be there, otherwise how could Diatoms
which have formed oozes covering an arca of ten million

sguare miles, also @Ka&{olm’{a, and Sponﬂes, make ’CH@W
skeletons?

Thc above—mentioned fac%s epoifn% to j(he pfro%a%iw@ jfha%

one of ’fhe sources of %he minerals presen% in metamor—

phosc& limestones s 7(71@ sca®

igm'ecenﬂ:y J have founcl several {mjooyjcom% fo«ma’ﬁ'ons to be composcél
of scmcly or sanded nummulites, %he detritus of limestone rocks, The
sheﬂs are modelled in fine pcwja'&cs of sand from which all, or nemﬂly
all, calcarcous matter has gone. Sand of this mature may have been
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0l 0l 0l 0l 0l

Light is thrown on the problem of the composition of
%he mfr’(h's crust ?g_y ’Che marwvellous resulls of stellar spec—
j(Yosco%u Sir Norman Ioc@w (‘ﬂnovjcm{c Evolution,’ P.
169) shows that calcium, silicium and magnesium exist in
%71@ ho%%es’( stars, e poin%s out %ha% %71@ gascous clements
and %he NON—0ascous clements first formed, %qga’(hw wﬁh

SOCI’[U‘?‘H cmcl %h@ a?oow—ﬂnwmccl %1]"1’00 610‘111@%%5} ‘WO‘UICI %@%Cl

to be %71@ éhief chemiccd substances on and ower ’fhe SUr—

face of 9(71@ plcmc’(, Wi’fh yggcml o organic cvolution he

writes: "The most easi@ thinkable organic evolution under
%Hese circumstances would be %ha% of organisms built up of
%Hesc éhcmicol fowns, chieﬂy because ’(h@ would Arcpwsm’(
j(he more mobile or j(he more plasj(ic malerials;” 7 omee
hecwcl Siv Norman ioc@w remark ’fhaj( clements like cal—
cium, silicium and magnesium hacl lost %hei« éhomce,” J
understood him 1o mean jCH@’C ’Chgy hacl cafr@ become sterco—
j@pc& into clements of wh%iwly low atomic wefgh’( unable
1o undergo fw’ﬂlev "inorganic cvolution” into more 711971@
cvolved “clements” with more complicated spectra, However,
%he time came when %he relative 1{9%%%055 of cortain com—

vpownéls of ’(710 first wo clements enabled %Hcm Yo become
suitable Sco.ﬁow{@ malerial fofr ?yo%oplasm,

% % % % %

one of %He sources of ’Che silicon of %he compoumls of double silicates

wi%h silica j‘:oun& n igneous rocks.
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Certain observalions of Darwin on gfhc shcupe of aly—

cells in banded ’Cméhy’(es are of inferest from ’Che poin’(

of vicw of %hc %hem:y of nummulitic structure of %hose
rocks, he writes (Geological Observations,” p. 28): “That
some cause docs yyo&uce pamnel ZONes of loss tension in
volcanic rocks clwrinj %hc{zr consolidation we must admit
in the case of the small flattened crenulated air—cells in
laminated rocks of (dscension.” Darwin attributed %he CxX—
istence of ZONes of low Tension o %he s’(w’tchinj wsuP(inj
f«ocm %he movement of a slow@ MoVing semi—solid mass,
e compared the flow of the molten tradpte to that of a

31acic¢, but Forbes' wiscous ’fheow of 31ac{¢¢s s no 10119W
acccp%ecl, Darwin vefers To a banded j(mchy%@ descri bed @

Scrope (Geol. Trams, 182z (2), 2 9. 195, Bl 24, fo
2) whiéh has burst upwo;rcls ’fhwugh an owa’@inﬁ mass
of rock. fcw 7 would poinjc oul wi’fh ciefewmc %ha% i1
does mot scem obwvious wh}; under such circumstances zones
of low temsion shouw arise fa'om s’(w’fchinj, fo;rﬁcw (@
jisjcoty of %he ﬂﬁmous %cﬁs’) stales j(ha% 3@%6«@1@ cooh'fnﬁ
magmas contract, and that in c@s%aniza’don the net vesult
is conlraction, Tha ?ocmclif@ of %mchy’ces appears o me
1o result fﬂrom cooh'fnj of an acid magma Qiving vise 1o
vacuum p%mes in which small m:ys’(o&s foercm, The streak—
ing of afr—cells and ’(he awan\gemen’c of fdsqocw c@sjca1s
1cnj%71wo;oys would result f@rom %71@ flow movement, (He—

cowlifnj o Darwin's ’(haoq:y ’che low—tension zones arisc

from s’(w%chinj n ’Che divection of flow, and %he ascs dis—

51



tributed %hﬂroujh ’(he mass become o,wanjcoi in j(Hosc Zones,
@ccowunj 1o ’chc %heoty of sh«inﬁqge due %o cOOIi%ﬁ ’(he
magma in f,olo,cc of coolinj like a hamqgcmous mass of
ivon contracts in wisible zones, and jthew@ gives rise Yo
vacuum—laminae, & “fow” of banded trachyle might be
compcwecl b a sgmcn’f of a hu\ge onion stone, In a 1@@@
mass of ’Chis rock owver four fect sguare, which 7 %éroujh’f
back from Forto Santo Tsland, T can often sce four or
five very fine bands passing %ha’oujh one nummulite sheu,
Lines of least resistance ave p«cscn’( also in basic lavas,

/

but are not wisible (see p. 52),

WHen a piece of banded %mchy%e is brokem wi’(h a hcvm—
mer, it fractures along the planc of the dark bands and
reveals a layer of nummulite shells, The flattened cvenu—

lated air—cells pvo%a?f@ owe %heiqﬂ ?ecuIicw chamc’(w o 9(71@

facjf of j(hmﬁr %einﬂ included wigfhiﬂn hoﬂow flattened coiled
nummaulite sheﬂs or débris of j(he same, Jhe sheﬂs can
be made oul in %hc whi’(e felspo:r bands whm’ww crYs—
tallization has not gone too far, as well as in %hc dark
zones, J find 1o my surprise gfhajc 1 is Ppossi ble 1o make
oul some structural details of ’the sheus n ’(hifn sections of

rock. Ue@ %h{cﬁ sec%ions, howewn would pyo%a%@ show
jfhc ?omminifwd structure better,
*

% % % %

Tha ch'scowty of %11@ true nature of %he igneous rocks
will ’fh@row 1{971’( on ’fha fowma’ﬁ'on of land clevations and
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occan cle«pwssions,

T scoms imwo%ame ’Cha’c volcanic islands are mere spo—
radic Hcajos of mc’(amomhosecl limestone, Tt is, J ’(hinﬁ,
more Uﬁc@ jfha% jfhis rock 1s distributed over vast arcas of

the occan floors under surface layers of the various oozes

(SGC @hdp%@ﬂ’ 11.),

0l 0l 0l 0l 0l

T scems not unrcasonable o assume jfho,’( 5(71@ sh{ﬁinﬂ
of huge masses of rock from ’(hc interior 1o form jwo,%

hewps on ’Cha swrface must 3ive rise to unstable conditions

of the crust

@hcmﬁccl nummaulitic limestones suppo*r’f jfhe rest of %hc
crust of the olobe, and when large gucmjci’fics of it are
ejected, 3%@% honows will be formed. R is not SUrPrising
that ccchhg,uo,ﬁes are common al Jlessina and Calania,
and in Galabria, 7\41971@ Eina, covering a base of 100
sguare miles and Tising 12,000 fee’(l must haw 1eﬁ hujc
sublerrancan 9a9ps, Even over mines made by human hands,

houses and streets faﬁ in, as al @¢oi%wic'h for eeewmjﬂc,

One cla\y when %he ecw%’h’s crust Has become more s%ame,
it will pwhaps be possi ble to travel in ’(hesc hu\ga altered—

”

limestone caverns “measurcless o man, 2

ié’?ﬂlc inj(wapiél voYyagers in :71&@5 Verne's romance, ‘G jowngy to
jfhe Centre of %hc gaﬂr’fh/ started down a joﬁd in Jecland, (ﬁzﬂm’ a

wonderful _Journey, but before reaching their destination, ’(hey were

hUY1Ga ujo on a wﬁ %OY%G on a CO?AL‘YWH Ojc hO% waj(w %114’011911 %h@
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crater of Stromboli, much to the disoust and clisaqopoin’(men% of the
old _@ewmom Wofcsso*r who 710.41 ?lomneol %71@ %w'?o,
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5 @c%ﬂrolqgical GConsiderations
:The fac’( of Havin\g discovered a mew and fun&amen’ccd@

impov%om’( fm’(uw n %hc construction of 1gneous rocKks,
will, 7 trust, jus’a'fy me in submitting a fow remarks on
’chc S’Cfroma’(o?ooeroicl ’(hw@ from ’che «pe’ﬁr&qgiac& poin’( of

view,

7 belicwe jfha% in time to come, no student of pe’ffrolqiy
will omit o inform himself as to the structure of num—
mulites, T is not a matler of 7(710 first imqoo*r’ccmce from
jfhc poifn% of wvicw of %he p«csen’c jfheoty, whe%hcﬂr a rock
is acid, intermediate, basic or ultrabasic, or whether it is
a@ssol, hy?a@ssal or su«peﬂrﬁciol, In ’(ha NUMEYOUS 19NCOUS
rocks of all wvarietics ’(ha% J haw examined J Ho,w foun&
them to be disquised (2 colonicﬂ) ?omminifem, Betrologists

will, 7 am cerlain, wppwcia%e 9(71@ value of ’(h{s &iscow@,

for it will often aid ’(hcm in un&ws’fw&inj 9(71@ construc—
tion of the masses of minerals with which ’(h@ have o
deal. Tha m:ys’(ak of %71@ silicon compoumis, of whicfh
igneous vocks ave mainly composed, are “allotriomorphic,”
rc, their form is moulded by their surroundings, Obvi—
ously it will be impor’(wn’c to understand %71@ real mature
of these surroundings, Firstly, there is the gemeral “stro—
matic’ m’m@emenj( of %Hc Mmass as a whob, and seconony,
’Che individual disks hcwe each a central umbilicus (’Chroujh
which, apvpawfnjd , & common %uc‘l—%ecwin\g stolon passc&)l

a coiled series of scoments, and — a ?lcy no means unim-—
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portant feature — rows of poves, T often see a relatively
1@4:9@ fomﬂess ph% or a m:ys’(al n ’Che umbilicus, and little
c@sjfois in %he sgg«mm%s of %71@ coiled ?omminifwol disks
of igncous rocks, and a banded structure may be axmocwcn’(
not on@ in jthe gneisses but also in 3¢ani%es, @w%a%@ 9(71@
retendion of considerable races of Sjwoma%opovo{cl struc—
ture in Blulonic rocks is duc 1o %hc fac’t ’(Haj( owing 1o
compression in a conﬁm& space %hew is but little %encieng_y
to clisﬂacemm% of individual po«%{ons of %He whole mass,
In wvolcanic rocks such as viscous lavas %he ?omminifwd
structure is not eﬁaee&, because %11@ %emepem%we has not
been suﬁcienjc to reduce jche semi—solid mass 1o a Iigu{cl

state,

% % % % %

WHen a pe%vdqgis’(, with the Rindest intentions, shows
me a section of a dolerite in which 9(71@ mineral olivine
is breaking down into sefrepefn%im, and appa«cn’((@ Q1ving
risc to structure fr@cwcb& @ belicvers in %710 organic %71@0@
as ?omminifeml, and asserts 7(11@’( 9(71@ existonce of suéh
phcnomena is fatal 1o %ho,% %heoty, J can on@ fall back
on my common—sense, J hese petrological facts are wery
in’(ews%iﬂnj n ’(71@1'« place, but of no value wha’(ow« as
cvidence @aim’f %hc nummulitic %7100@, For T sce c(lcm’(@
and a?mnﬂcm’@ ’Che ?omminifeﬂrc& structure in many Slif—
fe«rcn’( kinds oj: 19neous rocks, The nummulitic %71@0@ will
be founcl to be ’(ho«ouﬂﬂy sa’c{sfac’coty, and ’fhc movre so,
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the move it is looked into, and T belicwe it has on@ 1o
be examined ?zy compc’(en’( men of science to be accep’cecl
?zy %hcm, J haw been told jcho,% J am fmaﬁ{nﬁ too «muéh
fuss about %hese ins@niﬁcm’( S’C«omaj(o?o’roicls about whiéh
no one Rmows or cares a@’(hin\g at ol Well, T beliewe
%ho,’( 9(71@ cliscowa:y of %he true nature of %hese organisms
will prove to be of value in more j(hcm one science, 3'710

founﬂa%ions of ’(he world are built of nummulites which
are fpa’o?oa(b@ S%Yoma%o]ooo’oicls,

0l 0l % 0l 0l

%oen%@ a ye’cvolqgis’c concluded that a picce of vock we
were 7:0%71 Ioofiinj al was a sandstone. 7 at once demied
jfha% statement, The specimen was sectionized and fowml
o be a ﬁncly 3¢a£nec1 basall, 7 hacl seen ’(hc disks and
knew %he rock was a piece of me%amovphosecl nummaulitic
limestone. T feel justified in relating this, to show what a
useful and wadj cliqgnos’(ic instrument will p«rcsen’dy be
available foo’ pe%yoiqgis%s,

% % % % %

Thc new ’(heow appears to lead %o ’fhe conclusion %ha’(
one of the factors of magmatic differentiation comsists
in 9(11@ remowval of certain clements f«om one pcw’( of a
S%’oma%opowicl scaﬁowinj or mass of shcns to omo’(hw,
ossi ?@ ’fhe basalts and ’Cmchy’ces of Forto Santo were
apperoxima’(e@ similar in chamc%w %efo«e ’Che outbreak of

volcanic activitics, 771@ cliﬁcwnces now e%{s%inj may be due
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to gfhe upper strata of silicated nummaulites haw’ny been
fpouwcl out sucwenly, whﬂe ’(he remaining %gmﬂs became
subject o more fpvolonjecl 1gneous action, %hcw@ 1051’119
by fluxion their alRaline constituents, Ferhaps the well—
known “(Houa do Borto Santo” owes its alkaline chavacter

o jfhe presence of salls %ha’( hacl once fowmccl fpoxrjt of wha’(
is now a 19711:}; acid jtmc@’(e,

Q.Uhevc ’Omcﬂly’(es arc above basalls in the wolcano, the

condition m{gh’( be duc to fluxed clements siﬂnﬁinj down
into %Hc lower strata and %mﬁ retained ’fhew,

% % % 0l 0l

4 pe’(«o1q9is’f tells me %ha% j(he péroofs of ’(he mincral

origin of Eozoén are now much MOYE CONVINCING ’Chafn for—
mw@, but so are 7(71@ Woofs of oroanic origin, One s
reminded of 7(71@ compcj(i’({on between armour and Projec—
tiles or safe—makers and %ua:glcws, 3'71@ nummulitic disk,

howewver, is doubtless 90img to settle %710 gues%{on at last,



6 ‘58{01@1'4:@1 Considerations

Sboma%opow{cls and nummulites in 3@%@4’@1 are p«o?y—
a%loy fov %hc most pcwj( shauow—wa%w organisms (sec P.
)

Siy john muwo:y estimates %710.% if %71@ land were cast
into jﬂlc sea and all reduced 10 a uniform level, an occan
1450 fathoms deey would cover the globe. Tt does mot follow
fwm ’(711'5 ’(ha% ’fhe floor of %he occan could not be fowmccl
of rocks composccl of %enjchos organisms ’fhajt haci lived in

wb’ﬂ'w@ shauow waler, (s T mentioned above, 1t scems
ifmfpw?oamc ’(ho,’( volcanic islands wpwscfn% meve syaomd{c
hewps of mc’(amo«phosc& nummaulites, R is, 7 %hiﬂnﬁ, more
Wie@ ’(ha’c ’Ch@ are local ujohmvals of a wiciely spwacl
fowna’(ion un&cq’@inj %he 00z¢s which cawpe’( 3(710 ocean floor,
The élepwss{ons vcsuﬁinj from jfhe assumed sinﬁ{fnj of j(hc

shauow water forma%ion would he c0mp1emen’(cm:y to %71@

land clevations caused @ ’fhe upheaval of %Ha% foa’ma’a’ow

Q.lfhefrwcfr there are igneous rocks (ﬂu’(on{c and vo1ccm1'c)
and certain me’camoofphic rocKks, ’(hcw are nummulitic for—
maltions, i.c, poa”c{ons of ancient seafloors,

During the Eozoic Era, the ﬁcm’( might — if a little
fpoe%ic licence can be allowed, and not much is asked for
— almost be fr@cwclecl as a 3{9@%%ic 9{111'20100& cncws%inﬂ a
forcion body (4 waried fauna and flora, mainly pelagic,
mus? ho,w existed con’(cmpommous@, gust as in 9(71@ case

Ojc aj«@a% ‘Y@@f a% %71@ ‘PYGS@‘H% 020«3 ﬂ@SG 10@10:914: 0‘7:9@%—-
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isms pvo%amy led T a pvcco:rious existence wa&inj j(hc

hunj@ pseu&opoéls of ’(he Dawn @nimal, Fossi ?aly 9(71@
Towest Metazoa (%oo%y%cs, @omls, mc&usac, e‘?c,) owe

jfhc Possession of ’Chosc CUTious organs of offence and de—
feme — ’fhe ’fhwad—ccus —%a process of natural sclection
wh{éh Ted %0 7(710 survival of 9(71@ organisms whiéh could best
escape ’(He &a&@ zone of pseucloyocls of 3(71@ aﬂ—epwva&inj
0z00n5°

Tha Garazoa (Sjoonjes) relained o a jwcx’cer or less
extend %71@ miwophqgic way of jcecclinj, Th@ %@cm a fwc
life, but soon settled down and failed to travel far along
%71@ po,%h of evolution, The Metazoa, on %he o%hw ‘hcmcl,
c?ewlopccl a 3@5%4’1% co.m'@ whew@ jchc cells co—opem%ecl
and powe& oul sccretions whicfh &@es%e& %71@ foool 1771@
Mﬂﬂy faél and fwe swimming Aetazoa clevelo«pecl organs
which wsponclecl to light, sound, cte.

&W’Louﬁh Eozoén rcpwsen’(c& j(hc dominant @pe clw*ing
%he Eozoic Eva, 30%, from ’(he poin’f of view of %71@ H{ghefr
life, @csja'@ ha& done w{’fh %hc Dawn @Animal, @ sta—

j(ioncwfy oycmism enclosed in a shcu and p«oviﬂe& on@

wi%h mere wo%nga’(ions of sarcode (pseu&oyo&s) was not

endowed wml organs whiéh could hclp it 1o risc in 9(71@ scale

#The word “Eozodn” is not used here in a S%W'cj(ly {ys’(emajtic sense,
R is not ot w’cscfn’c Ppossi ble, for instance, 1o state ckﬁfn{’fc@ whether
or mot ’the S%Ofma%oporoi&s of ’(he 3@%%0, oneiss and limestone of ’(he
Lower Laurentian region ?aalonj 1o one and 9(110 same genus and specics,
viz, Yo Eozodn canadense Dawson, bt it scems to me pﬁ’o%amc that

%h@ arc identical,

60



of %ei@, 3'71@ ﬁ«s’f essential foer suéh an ascent was j(hc
célwcclo?ocmen’( of a motile aqo«pam’(us cna%’nj ’Che organism
to move aboul as a wholc, and acco«clinjly ’(hc pseuclopo&s
were frcjo’tacccl @ ﬂcgcﬂa, From %He 71{971@7 Frotozoa were
cvolved two 3«@@% groups, 9(71@ Garazoa and Nletazoa,

% % 0l 0l 0l

Tha m{gh%oufhoocl of volcanic and coral islands appears
to fu«m’sh {njcefres’finj ofrcho,ic j@pes of fo.wna,

Several of the recent FPharetron sponagcs, and some
species of iinju1a arc found in %he w’cini’@ of %hese islands,

3710,’( s’(ﬂrcm\ge anachronism, ’Che sponjc—algaj Nerlia
normani, which is identical in structure with some of
the Silurian NMonticuliporoids# is found of Forto Santo
Island, and has y«o%a%@ existed ’(hcw since Jalacozoic
times, N could hwr&@ hawe m{gm%ccl from c1scwhcw, for
Siliccous sponoc larvac on@ exist in the free—swimming
state for a fow hours, N scems pﬂro%ame ’(ha% ’(711'5 remarR—
able organism will be found of all %he volcanic islands in

j(he ’fcfmjoem%c ZONes of %71@ @lantic,

simgcenﬂ:y Dr, & @K &Lminjs (?wc, Falacont  Soc. Indiana,
1911) has pvo&uce& cvidence jfha’( scems to show %ha’f cortain of ’(he
ﬂ'ﬂOﬂ%icdipOﬂfOi&S are @o@zoa, J chc cvidence wppcwen’dy fpfrovinj
%ha’t some of j(hew fossﬂs arc sponges, Thaw may be haw a s’(mnje

instance of homoeomomﬁy,
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7 On Dolomitic Limestones
T mayy at ﬁq’s’t 5{971% be cliﬁcuﬂ to understand wha%

connection can exist between Eozoén and dolomites, but 7

have found there is a close wh%ionshirp, and that Eozodn

canadense has given %71@ clue 1o ’(He real nature and origin
of 9(71@ Fermian dolomitic limestones,

Jyrol is the fairyland of the (Hlps, and a glorious coun—
%@ 1o spefml a vacation in, From jchc summits of its cimas
and ccwnjocmﬂes one looks down shem’ precipices ’fhousanols
of jcee% cleep, and on cvery side are pinnacles of most weird
and fan%asj(ic sho,pe,

The mountains are made of purc magnesian limestone,
and wvery fwgucn’@ no fossils are to be scen in them, I
belicve 7(710 most o,ccejo’(ecl ’(hcoty is %ha’( %he rocks are coral
wcfs, but %ho,% all, or nca@r@ all, traces of coral structure
hawe &t'swmomwci during the process of dolomitization, 7e.,
%71@ CONVCrsion of ’Che owiginal pure calcium carbonale into
carbonate of lime and magnesia,

J ho.w made j(he s%fmnﬂc cliscovc@ ’(ha’( ’(hc GBustrian
Dolomites and the Fermian dolomitic limestones of England
are ?uw@ ?omminifem’l, and made up of nummaulites
wh{éh may be colonial, 7 haw scen 9(71@ nummulitic disks
in numerous ceewmjofles of jfhcse rocks, ?wjfhw, a Iciycw&
awm\gemen’c is fw;wfn’(ly discernible,

Th@ substance of %11@ rock has become so fuseél and amal—

3ama%ccl fpfro%cﬂa@ pcw’@ @ solution before dolomitization,
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and @ pressure, that it is mot olwo:ys casy, cspceiaﬂ\y n
’Che 71197{@ c@s%anim rocks, 1o sce %Hc disks wijfh ’C[heiqf
central umbilicus and radial and concentric poff’(wn, but
they are there, and can freguently be made out without
rmuch clijﬁcu?@ ?gy means of a lens,

In %11@ case of some dolomitic rochs, o’(hw fossﬂs ’(hm

jfhc nummulites are pfrcscn’c, 7710 ’J(ommin{fcm did not ho,w
the sea all o themsclves, other organisms died, and sank
down 1o ’(he ’J(omminifeml wefs and became covered up. J
haw scen ’(he disk structure best in a specimen of pure
dolomite from Ledrotal, Tyrol, one of several cxamples
vp@rocuwcl for me f@rom abroad,

This ch'scow@ of ’chc owlgin of ’(he dolomitic limestones

is an espec{aﬂ\y fofrj(ufna’cc one at %he pwscn’f moment, For
fpeﬂlaps suspicion will arise That there may be, after all,
some ’ijch in 9(71@ statement ’(ha’( 3¢ani%es , basalts and lavas
are likewise composccl of nummulite disks. Then again, %hc
fact that dolomites form cliffs thousands of fect thick
may enable us Yo realise %ha% %71@ w’fimi’c{w nummulites
or S%ﬂroma%o]oovo{cls m{gh’( — and did — fofwm mcwlcy all
round the globe, beds of VeTY POYOUS limestone of immense
%hicﬁness, whicfh became ’Cmnsfwmecl into silicales, Thesej
owing 1o ’(hei« fposi%ion became compwssc& on accound of
the shrinkage of the plam’f, heated, molten or semi—molten,
and ﬁfnol@ cooled and c@s’(an&ecl In sqm"(c of all ’Chis ’(he

w{gifnol Mlciyeﬂr{nj” and also 9(71@ fowm of ’(he disks can
often be clearly detected; of that T am guite certain,
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8  On Qolitic Limestones

The “urassic Oolitic Limestones have a structure resem—
m{nj fpe’(wﬁecl ﬁsh—eroe (oon 11"(7105 stone 993), Thc usuc&@
sphwoiﬁal 3m1'ns vary consiclem?a@ in size in cziﬁcwn’(

oolites,

The pecub’ofr structure of these rocks, which form very
extensive beds in the West of gf@h‘n&, has been attributed
1o ’Che wearing down of coral freefs, The fine grains are
sumoosc& 1o haw sunk 3«@&1&@1@ in 7(71@ sca, when %hgy
frcachccl corlain zones of waler conj(ain{fnj ¢Xcess oj: car—
bonic acid wsupcinj from ’Che éleccg of organic matler, it
is assumed ’fha’( ’fhc carbonic acid 511'971%@ attacked %he sed—
iment, forming the soluble bicarbonate, which was again
p«ecﬁoi’(a’(@& as calcium carbonate among 7(11@ in%ws?oaces of

%hc s1ow@ sc%ﬂinj mud, This CouUrse of cvents is fowncl

Yo take ﬂaw in the meighbourhood of coral veefs at the
fpwse%’c Jay. T s poin’(ecl out ’(ha’( oolitic orains form in

certain mineral spw'ﬂnjs and also ’(ho?( some coral sands in

’(he West Indies are oolitic, gviclen’@ oolitic structure can

arisc in many ways,

Dy, Rothpletz ((American Geologist,” 10., 1892, p. 280,
’(mfnsl,) showecl %ha’( oolitic 3¢anu1es are pwsefn’c in Salt
Lake, and %ho.% %Hgy are %hcw formed ?Zy a Iime—secwj(inj
aloa — Ulococapsa, Further he found oolitic granules on

’Che shows of ’Che %3 Sca, and o litlle way inland, an
oolitic limestone cliff supposc& o Haw been fo««mecl @ blown
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(ooli’(ic) sands, 371@ loose oolitic 3«0;%105 oﬁcn ha& a nucleus

of sand grains, Al 7(111'5 may be whol@ correct, but if 7
were in %Hc nc@h%owfhoocl, 7 would jfhinﬁ it woﬁhwhﬂe 1o
sce if 7(71@ ch'ﬁ were not in wcﬂi’@ a ?omminifwd one ffrom
wh{ch %he oolitic 3vanules on %he shows ha& or{gina’az&, The
nucleus of sand grains in eaéh jmmﬂe m{gh’( haw resulted
fﬂ’om solution of jfhe calcium carbonale of ’(71@ pure jmmﬂc
and w&eposi’(ion round jfhe sand pw}”a’&es,

T noticed on j(he outer suyfacc of cortain specimens
of Eozoén canadense That the Foraminiferal disks had a
somewhat “oolitic” appearance, and this led me to examine
caﬂrcfuny %hc jumssic oolitic limestones, J fowncl %ha’t %hgy
were comjoosecl of nummulitic disks, and that ’(hgy were

wo%oﬂa@ 5’(roma’c0<povoids,
@ first, when a fine grained oolitic rock is viewed with a

lens, on@ a confused generalised imepression of unifo«m@
3¢anu1ar structure will be oblained, but 3¢ac1ua11y %he disks,
wijfh jfhc central umbilicus and concentric aq’vanjcmenjc of
orains will be made out, The finer—grained oolites show ’(he
disk structure ’Che most c1ecw@ and eswm’a’[@ on wea’ﬂlew&
swrfo,ccs, N s usuofl@ possiMc 1o ﬁn& fai«@ 300& disks
with a coiled arrangement of grains, and here and there the
outer wall of ’(he oer@inc& sheu, The smaller oolitic grains
whan broken, oﬁcfn show — not a concentric structure —

but co:lges oj: po.mud scries of bars,

Oolitic structure, in 7(11@ case of %ha micl—]umssic Oo—
lites, has, I belicve, arisen in the following manner. These
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limestones contain over ao per cent, of carbonate of lime,
‘LUhm %hgy hcwe been raised abowe ’Cha sea, ’Che rainwaler
cha@ecl wi%h carbonic acid has pcwola’wcl %hﬂrouﬂb dissolved
oul and w&ejoosij(eél some of j(hc lime in %He chwm%ws and
around ’(he fpcw%i%{ons of %he honow sheﬂs, Th@ soﬂ deli—
cate ?omm{nifwcﬂ disks Haw become more or less cwshecl
j(qge’fhw @ jthe super incumbent wc{ﬂﬁ, Thc soﬁmss and
unifowmi’@ make this stone a_good “fwes’(om” culting cas—
i@ in all directions,

Fisolitic limestones wi’fh 10{9@ sphw{ccd or oval pe%mcs
at ﬁfrsj( 5{971’( resemble conﬂomem’ws fo«me& of 34*@4/01 car—
ried down by a rapid current, bul, like the fine—grained
oolites, ’(h@ have been formed in situ, The 101'5011'9(1'0 struc—
ture is duc to the same causes as the finer oolitic, but
’chc process of solution and w—cleposi’a'on has gone on 1o
a 3wa’(w extent, @ossi?@ %Hc 101'5011'9(1'(: condition results
fw«m %71@ posi’ﬁ'on of jﬂlc limestone in a situation whaw an
abundan? sijoly of waler would drain ’ﬂp’ou\gih %71@ mass,
d pisoli’a'c pc%mc is made of caleite and s fo««mecl of
concendric 1@@4’5 usuallcy wi’fh a hm’clcfr ctys%auim nucleus,
Thesc pe%mes m{gh’( be com«pcwe& to jrhe stalactites and sta—
qumi%cs in a limestone cavern, Thgy Haw appawn’(@ %he

same structure and mode of fo«ma%ion,

The esccw?oemenjfs formed @ oolitic limestones, in my
opinion, resemble ?omminifeml cholﬁ cliffs. The main
difference between %hosc common@ s0 clcsigna%c& and ’(71@

oolites is that the Cretaccous ones have mot become oolitic,
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for I now find ’fha% chcﬂﬁ is cssenj(icﬂ@ a nummulitic rock.
(Sce &?wn&{x,)

In addition 1o cXamining mumerous samples of Oolitic
vocks in muscums and stonc 3@7&5, 7 travelled 1o an oolite
district, viz, @heﬁenham, to wisit %71@ freestone guarries,

Gt Zﬁcaﬁhamp’conjin %He Cotswolds fofrm a bold esaa«pmcn’(
overlooRing the p1ain on which Cheltenham stands. 7 was
fo«’(una’(e in cmee%inj two guarrymen, who gave me a jwa’(
deal of valuable ifnfm’ma’(ion, In a piece of fwcs%om
almost hom@cmous 1o ’(he imxpew'emc& oye ’Chgy could
alwo:ys detect “jfhe ﬁcme of %eﬂ&in\g/ Th@ s%om—cu’(’(inj
saw went casier c&onﬂ jfho?( plcmc jfhcm in o’fhm’ dirvections
—in syi%c of the name of the stone, wviz. “‘fwesj(om,” The
men Told me of a guarry whew %71@ stone was so soﬁ ’Cha’c i1
could be cut wi’(h a Rnife, and so closc 3«0,{%@& %hajc unless

jfhc guarrymen marked i1 71@ would be unable o.ﬁwwcwcls

to Anow the direction of bedding. But a little later on,
%hc wm’thw would bring out %He lines of %eﬂ&inj, and if
a house were built and the stones fitted without regard o
%Hese lines — at first invisible — an u\g@ effect would be
produced

Some f«ecs’(oms arc as absorben? as sponacs, and hemc
%he houses and co’(%cgcs built of ’(711'5 material are oﬂen
very clamp, N is not SUrPprising j(ha’( j(he pvimﬁiw Stro—
ma’(@po«oi&s were saturated wi’fh silicales and j(hc dolomites
wi%h magnesium salls,

% very free fwes’com, soﬂ and casi@ cut in any di—
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rection, was the Rind T was looking for, because it would
be less modified from %he oqﬂiginc& state, Tha guarry abowe
wfcwccl o was a “mim——;ucw@” in ’(hc Inferior Oolite ot
Whittington, about six miles cast of Leckhampton, The
disks in scmvpies from jthe WHi’(’finj’fO% Q}tm’@ are faifr@
clear mot on@ en face, bul cven in werlical section, (4
word of caution is necessary, viz, not o mistake for disks

%he fwgrmen’cs of Crinoids preseﬂn% in some pofr’a’ons of 9(71@
strata of Oolitic limestones,

Later on J visited Fortland, and also ’(he Qolite district

round ZBa’(h, and examined numerous eeecvmfples of fw:e—
stones in guarries, stone 3&4*&5, and especiol@ in old build—
Mo, 371@ wea%hcw& swfaccs of old a%gys and chwéhcs
often show the nummulitic disks very well, because the
3en%1e action of élisso%inj agencics carrics away %71@ gran—
ules which mask 9(71@ true structure, and leaves ’(ha outline
of %ﬁe sheus, 7 fowml j(hc ?omminifwd structure well
shown in some 1@4:9@ soo’@ flakes given me @ ’Che Masons
TePaITing _ﬁcn@ 7th's @hoxpcl ’Ihe 3011ow under swrfacc
of the flakes still showed the oolitic structure masking the
foewm of %he dishs.
*

% % 0l 0l

Sewveral o?oscwws, ﬂnoj(a%@ 7\/31'310150% and g%hwic}gc, and
We’chcwcl, haw described sjtfromﬁc dubious organisms whiéh

%71@ Haw found in Ordovician, @ow?aonifwous and urassic

limestones, These organisms, which hawve been wlggaj(c& 1o
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the gemera _§13Wam22a,52 and itcheldeania, have cerlain
éhamc%wis’({cs in common, in %ha’( ’Chgy are comjooseci of
1@@4’5 of concentric flattened disks wﬁh fine «aﬂ{a’dnj
tubules. These genera are POssi My founclecl on ’fhe varying
appearances pwsen’(ecl ?39 nummulitic disks, J would suﬁjes%
%ho,’( 7(716 vermiculate structure oﬁefn seen in _@ifwanena,
May in Some cases be due 1o ’fhe formation of casts of jfhc
coiled chwm%ers of %he coils wmlin coils of %he nummulite
shens, A wvertical or om{gw section of a pﬂe of suéh
sheus would show a 1@@71’%’@1{%@ vermiculate structure,
Somctimes, howww, a crinoid stem or some o’chefr obect

a]opccws %O fm’m a %UCIG‘US %O a mass Ojc CO‘ﬂS (We’(ﬁcw&,

"On the Microscopic Structure of Turassic Fisolite,” eol.
Jao. 1889, 6. P 196, Bl s fio. 11), Qmp%wcr be jche
precise e%p1ana’(ion of jchc various structures fowncl n
sections of Turassic Colites, no one, J believe, could s%uo@
a wca%hwe& swface of fwcs’(onc on some anciend a%@
wi’(hou’( %einj soon conwvinced as 1o ’(he nummulitic nature
of that stone. Nature's “pﬂrcpaﬂra’dons” made in a very

1cisuw1y way, are in this case the best we could have,
* * * * *

Tha Blue Lias limestones oj: Z@fme %1’5 are pm”@
=J am much indebled 1o D, :7 S, Flett of %he Scoj(%ish §eo1q9{ca1

Sufwgy for his kindness in se%&inj me a piece of giwcm limestone, 7

wisha& 1o examine a specifmen oj: mcholson and g’rhwiclge’s _?z’o’vaneﬂa
799’02726ma‘?1'ca, J fownci 9(71@ limestone o be nummulitic and pwo%a%@
S%voma’coporoicl
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Foraminiferal, and contain nummulitic disks. The latter
are «pro%cﬂa@ S’Cwma%oqoowicl Thesc limestones conlain
many fossils, cspec{oi@ Hmmoniles, which of course be—
came covered up when gfhgy died, Owinj 1o ’Cheiﬂr soﬁmss
%71@ disks are comfpfresseél o flat flakes, and f«o«m super—
incumbent pressure ’fh@ fm n %hc outer cho,m?aws of 9(71@
Emmonites, 371@ existence oif 3¢ea% pressure may be j’u@ecl
f«o«m %71@ fo,c’( jfha’( cven fm’ﬂy 1@4:9@ Gmmonites oﬂen form
merely thin flms, which can only with great dificulty be
scepam’tecl oul fﬂro‘m jchc malrix in which %He:y are imbedded,

% % % % %

@lso 7 Howe fowncl %He sheﬂs n %He orey mud coa%inj
some (Ammonites 7 picﬁe& up at @hapmm’s Fool and

Kimmeridoe Beach,

Thc %ppear _@wensaﬂn& %@a%e Firestone is a calcarcous
nummulitic rock inﬁ%m%e& wi’fh sand, Tha disks are clecw@
to be scen on ’ﬂlc wea’(hew& swfaces of old stones ffrom
jcn@ 7th's cha‘pel

WHM ’fhe fﬁimmwi@gc mud and ﬁfrcsj(one Were puj( into

acid they effervesced furiously, leaving deposits vespectively
of fine mud and fine sand,

0l 0l 0l 0l 0l

dn a specimen (& 1665) in the Natural fisjcoty IMou—
seum, labelled (drenicolites, Basal Quartzite, from (ssynd,
Su’(heﬂm&, 7 find Traces of %he ’J(ommin{feml disks, I be—

leve we haw haw a sﬂiaiﬁecl Cambrian or Lower Silurian
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S%oma’(oyo«oicl d 1@(90« specimen in ’(hc ]c«myn Strect
NMuscum, from @ssgn’(} and labelled “pi«pe& gum”(zi’(e,”
shows faiﬂr@ well ’fha% ’(hc pipes or Arenicolites are c’(checl
out columns of nummulites, (Thc “Basal %wwj(z” is cvi—
3@%’(@ jfhe fowma’(ion C clepic’(eci in ’Che first coloured ﬁa’w
in Murchison's ‘Siluria,” hivd and fourth ecli%ions,)

*

0l 0l % 0l

@About j(he %@inm’nﬁ of jchc Cainozoic Era ’(hcfrc was a
3«@@% 3@4/010)0%1@%’( of jfhe un&w%’(eaﬂg individual @pc of

nummulites, COver immense arcas cxj(enclinj f@rom Jo—
rocco and Spa{n 1o %11@ fﬂron’({ws oj: @hifna nummaulitic
foq«ma%ions %hwscm&s of fee% ’(hicﬁ and cfn%efrifn\g %o&i@
into %71@ fwma’(ion of ’(he middle and upper poxr’(s of 34’@@’(
mountain s\ys’(ems (@ﬂas, @ywmcs, &1105, 50,«]00.%11{@%5,
jimc&@as) were laid down wiclen%ly ovey rising arcas,
Fortions of Eocene Sca—bottoms are foufml at %71@ summits
of_fimcflo;yan pcaﬁs, 3'710 nummaulite sheﬂs %elofnj 1o many
specics, and vary in size from a pin’s head to a Maric
biscuit,

N is not unliﬁc@ %ha’c jche S%ﬂroma%oqoowiél ’@pc per—
sisted beyond the Mesozoic Eva, Indeed, a colleague has
infowmecl me %ha% he has seen wha% appears o be a re—
cond S%wma%opowi&, J ’Chinﬁ i1 pq’o%a?ﬂe jfha’f jfhcw are
S%wma’(oyoq’oic:k h'w'nﬁ now im warm walers in jche m@h—
%owfhooci of coral islands. These colonial ?omminifam
would pa'o?oa%@ resemble covals or coralline algae,
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0l 0l 0l 0l 0l

@os%swip’(, - My, €& B w&ﬁcw& has most ﬁifm-l@ shown me 111'5 valuable collection
of slides and %mu%iﬁﬂ pho’(qgmﬁls oj: _Zj1'<r»1/aneﬂa, T am now a%so([u%c@ convineed %710,% %’ha
a%plcma’(ion given on p, 67 is j(hc truc one, 7 can ciccwly see sections of s"'hcns en face wi’(ﬁ
two or hree concentric “tubes” with radial septa, Vertical sections show lincar rows of
hollow blocks or spaces, the inner walls of coils—within—coils having been dissolved; also
series or pores ave visible Occas{ona’lly, In an injfcws%ifnj paper on jf’rq/aneﬂa, to whiéh
N, ﬂwe%hcwcl veferred me, 7 Chapmom ((ﬁus%mkan (ssoc, (v, Sci,, ddelaide, 1907, 11,
P 5&,.) assigns ’(hc genus to j(hc 1:11&0—:94*00% a@aa, and states jf’hajf s here shown b have
no claim 1o be w;gowc’lc& as one of ’fhe fomminifem.ﬂ _Z;’z'rvancna has been looked upon as a
Foraminiferan, Sponge, “Stromatoporoid” (hydrozoa), calcarcous aloa, worm—tubes, cfe. Ths
characters, however, ave based on the altered condition of the shells of a colonial nummulite
or S’Cvoma’fowroi& (in ’(110 new scfnsc),
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g On Fennant gw"(s

Recently, when looking over a stone—yard at the foot
of Zﬁecf(hamfp%on jm, J saw among ’(he 3%& hcaps of
froestone several slabs of ovey vock which 7 took to be
1gneous, Th@ ’J(ommimfwﬂ disks were very distinct 790’(71 on
face and in verltical section, In facjc %hesc siliccous medals
were in some ws?ccjcs better prcsewe& ’(Hcm ’fh@ calcarcous
oolitic omes which hcd been formccl immeasurable acons
later, On myy return o London, 7 wrote 1o ’(he managey
of ’fhe s%om—:yafnl fov info«ma’fion about %Hesc s1a%s, and
was Told %71@ were blue @cfnmm%, 1., mi&—@cw?aonifwous
3¢£%s, J Hacl seen clca@rly 9(71@ nummulitic structure, howewver,

and J began 1o ’(hifnﬁ %ha% if seclimen’(a@ 3#%5 could exhi bit
a structure wsemﬂinj %ha’( of ’Jromminifwol disks, %hen
possi%@ my who1e ’(Heoty migh’c be wromo, and for a
moment, I even thought, not without a fecling of relicf
at the pvoswc’f of a veturn to more peaeeﬁﬂ and less
fpolemical pu«sui’(s, of consigning my momuscfrip’(s 1o ’(he

was’cc—papw baskel
J was unaware ’fhen of a fac’( wh{éh J fowncl later o be

of common occurrence, viz. %Ha% %he detritus derived from
1gneous and certain limestone rocks is comeposccl 1o a 3wa’£
extend of nummulitic sheus and not fmew@ of shaepe1ess
fpcw%ic%s of sand and mud,

In the memoir of the Geological Suwgy on the Geology
of 9(71@ goujfh Wales Coal Ficld, Bart 8, %he coun%@ round
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Swansea, 190z, p. 58, The following account is given of
’Che 15%%01(29%@1 chamc%e«rs of %he Fennant,

"€ 3520 West Quarry, Cocket”

"W 9rey micaccous sandstone. Under ’fhe Micyo—
scope i1 consists of mj(hcfr well—rounded ograins of
gucw’tbz, with a small amount of feispar which in—
cludes ov’(hoclase, micro—line and acid plqgioclase,
Colourless mica is common in worn fwgyecl—ou’f
tablets, Small qugcmen’fs of dark shc&e, mos%ly
shcwp—e%gazl and cmyulm* are fﬂrcﬂum’a Thaw
arc a fcw scales of biotite and a little Jﬂm%e,
The cementing material, which s vather abun—
dant, looks like fine débris, T comsists of small
siliccous grains and fine sm@ matter, paﬂr’(@ orig—
inal argillaccous sediment, pcwj@ the pﬂrooluc’c of
’(he ciecomqoosi%ion of felsvpa’(hic débris, Carbonales
are fpfrac%{cauy absent, ﬂcw arc black s”oo%s of

iron—oxide and opaguc ﬁm@ divided carbonaceous

) matter,

3'711'5 is un&ou?a’ceclly an excellent cieswijo’(ion of Fennant,
but no mention is made of %hc nummulite sheus,

My, &, Dale, ’fhe chairman of j(hc Stone Concessions

Go., very ﬁincﬂy sent me a picce of one of the slabs of
Fennant 7 had seen at iacﬁhampj(on, On re—examining it

J ogain became convinced %ha% it was «main@ composccl oj:

-
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silicated nummulitic débris, 7 Spcn% the mest weckend at
Swansea in order 1o inves’({ga’w %he Fennant series whm’e
it is best clcw%peclj jfhe seams a%jfain{nj a total ’fh{cﬁmss
of 920 :ycwcls, In %111'5 ’(hicﬁness are included seveval scams
of coal each wi’(h its unﬂm—diﬂ of c1c£y, and also 1@@%
of con31omcya%c, fno%oﬂo@ 7(71@ one discovered in 7(716 Jawe
AUangy @ Sir, W Zﬁqgom, ﬁﬁw cxamining a guarry
in Swansca i’(self, 7 wisited Inismidu about twelve miles
fwom %71@ town, fcw J fouml plen@ of material showifnj
well the nummulitic structure, and furnishing cvidence of
me%amowphic action. On some slabs %hcw arc traces of
3¢aphi%e, and on many picces 10@@4’5 of gwo;r’fz% whoﬂg
continuous wi%h %He uuish—ﬁq’@ po«%{on of %71@ rock.

In some of my specimens from the Ffinone guaryy there
are traces, mot only of layers of bituminous matler, but
also of fine flakes showinj organic structure, 3'71@ bitumi—
nous material, which pyo%a%@ resulted from condensation

of pyo&ucjfs of wolatilisation of vegetable matter, is fpwscn’f
in fine fllms, or it may form little blocks in the chambers
of %he ?omminifwd shcns, Some picces of rock show

numerous smo.n C@S%@IS Ojc gucw%z,

sSeveral of my Inismidu specimens show well ’Che transition between
the opague 9rey rock and the bands of gua«’(z, In some instances, pcw%
of a ’Jromminifwﬂ disk is opaguc, and ya«’c c@sj(awm, dn a specimen,
given to me @ Ao, B, @ w&qins, of pure vitreous c@s%anim guo;rj(z
rock from %110 -ﬁimc&o:yas, it is Possi ble to trace %hc disk structure,

%71¥W371 wi%’h &{ﬁcﬂ@, Z’Pﬂro%a%@ many gucw%z rocks will be fownol o

%0 CO‘YWPOSGCI Ojc mc’(amovphoseél nummuu%es,
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Fennant 3«1”(5 are coemjoosccl ma{n@ of nummaulitic de—
Yritus devived f«rom 1gneous rocks, Tha Mmicaccous éhamc’(w
of ’fh@ 39’1’% is, J supposc, in i%s&f a ‘PYOOf j(Ho?( 7(71@ o*r{gifnol
mother—rock was probably igncous, The bands of guo.fr’(z
and %71@ ﬁ1ms and fpcw’cicies of bituminous malerial cvi—
clen’(ly mus? ho,w resulted fwm me’(amomhic action ’(aﬁifnj
placc in 7(71@ scclimcnj(w@ o?wposi’f, Thc Fennant is on@ one
of inmumerable eaewmﬁes of ’Che endless mutation of %hinjs,
foq’ %he 1gMeous rock whence ’fhe sccondari @—mc’(amomohosccl

3«i% was derived was once a pure nummulitic limestone.

J have detected nummulitic structure in the Iillstone
3¢£%s (ej, Farcwell %cﬁ), ’Choujh o'nly wi’ch 3vea% &iﬁcul’c ,

appcwen’f@ owin\g to 9(71@ 111971 ﬂeﬂwe of me’tamomh{c éhcmyc
whew@ j(hc silica has become w—c@sj(awzc&,
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10 On Slates

&ﬁw J had com«,o?,ej(eol, as J suppose&, my ?vclimincw:y
inwes iga’(ion on ’Che occurrence of S%«oma’(oyoroi&s and
nummulitic vocks %hq’oujhouj( ’fhe §601@ica1 Eras, T became
aware of ’fhe o,ppcwcfn% existonce of a 3«@@% gap in j(he se—
guence of ’Chesc organisms, Th@ were eee%wmcly preve&cfn’(
&uw’ny %Hc Eozoic Era, and again &uﬂ@ 7(71@ Ovdovician,
Silurian and later pcw’o&s of the Balacozoic Era, but J
haci on@ sccm’@ cvidence of ’fheiv existonce clufrifn\g ’Che jwajf
Cambrian Feriod, in which 7(71@ mzﬂﬁ have been c%pcc%ccl
1o be very abundant,

J have now had the good fortune to find that the a9
above alluded 1o is flled in by the slates, which are un—
élou?y’(eoﬂg composecl of %710 compwsseél silicated shens of

nummuliles, %hcsc beino almost cm’%ai%@ colonial num—
mulites or S’tvoma’(Opovoi&s,

%cmﬂ , when examining a picce of slate with a x10

lens, T saw the much flattened ?Jomly ycrcejo’(i ble disks all

over %Lh@ sw’face, CW‘LCI %7’10 wﬂlow ‘PCL%%@Y%S CL% %Lh@ 04905 Ojc

the slate. %%um’[@ a very close scw%i@ is mecessary, and
cvery minute defail must be cowcful@ noted, _§emmﬂy an
umbilical arca is scen al %710 centre of cach civcle, and mot
infwgwn’d\y in some rough slates 11 is Ppossi ble To make
out a concentric or radial arrangement of flakes, and cven

rows of povres, The fine, cu«wecl, closcly st lines at ’(710
cczgcs of 9(71@ slab are jfhc eclgcs of jfhe coﬂs—wijfhin—coﬂs

zZ37
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of ’(hc nummulitic sheus, 771@ stll finer spaces between
jCHeSaz lines are divided up @ %hc eclges of %he sejo’(a, 1.c.
%hc spaces between %hc main i bs of %Hc winow——pa%’(wn
arca occwpic& @ scalcwifoqu series of fine lines al «1’971’(

omjlcs 1o ’Chose ribs, wi’(h %he result ’C[ha’( an eee%wmely fine
s;ucwc—mcshecl network pa’t’w«n is fowmccl

Tha sewréh fozr ’(he disk— and winow—pa’(’mn reminds
me of %71@ game of «pic’(uw—jouzz%s, whew one has 1o detect
some hicucn cles{gfn in a mazc of lines or in masses of
1{971’( and dark sho.clinj,

Tha fo,c% mus? be Taken into accound %ha’c %he nummulites
out of whose skeletons %71@ slate is fofrmc& lived many
decades of millions of years ago, and that the original
soﬁ, delicate calcareous shens ho,w become silicated, cwshecl
%qge’fhw ?3?7' CNOYMOUS PYESSUTe and ﬁmﬂ@ renl asunder
av%iﬁciaﬂ\y in various ﬁcmes @ means of ciccwcgc,

wbhen ’(he obscrver sces at a broken eclge of a slate ’(710
rows of very minute sguare meshes, he will begin 1o realise
j(ha’f ha is 1ooﬁinj at some’(hinj o%hcfr ’fhcm a comwcsse&
mass of ycw’(icles of mud, The cvidence aﬁowlecl le ’(he
civcles or disks m@hjc not, pcffhaps, be so conwvincing, be—
cause 11 is conceivable %ha’( masscs of po@he&m’[ or j%hﬂwr
fpcw%icim could become p«esse& into flakes,

In order 1o ifnspec% a 103:9@ and varied assortmen? of
slates, J obtained permission from Nessrs. Bingley and

Folliot 1o 90 owver ’CH@W extensive slate 3@%15, whiéh are
crowded wi%h material fﬁ’om %he guarrics of §wa% Britain
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and Ireland, gwrow, and j(he HAmerican continent, here J

saw q’oujh variclics showi’nj c1em'1y ’Che ?omminifeml disks

?oojfh on face and in section, I ried 7(71@ %eau%iful exXper—
iment of c’Lmvin\g a 10%3 %h{cﬁ slab into jfhin plaj(es, but

fowmi ’Cha’( «pmc’(ice and expericnce arc mecessary, _?efnw—
ol@, aﬁw an excellent starl, and when one is beginning

to el pvoucl of onesclf, the sﬁi’( tails off o the surface,

unless duc coun%w—pvessuve is exercised wi’(h foo’( and &nee.

& c(hcwm{n\g@ written account of slates and of some
of %71@ very in’(cws%{nﬁ pw“ems connected wijfh jfhcm 1s
given @ @nﬂaﬂ in his “?fro:gmen’(s of Science, and also in

“ﬂle §1am’ws of ’(he @Ips’ (?n’(«o&uc%ion), fa relates ’(710,’(
one c?o:y 71@ was s%ancl{nj at j(hc cczgc of jfhe @en«hyn slate

guarry wi%’h a friend who cxplcw’m& ’c'hc phcnomc%on of

c1eavq9e ?Zy comqoaw’n\g ’Che slate rock 1o éleposi%ccl sandstones

with planes of bedding, Tyndall vemarks: “Bul this was
a mistake, and, indeed, here lies the grand cliﬁcd’gy of the
fpw’o?olem," and e poin’cs out that the phnes of clearage
oﬂcn make a 711911 om\ﬂe wijfh %Hose of stratification, e
asks: “What is he agency that enables us To split Fonister
@rqg or the cliffs of Snowdon into laminac from crown o
based” Frofessor Sc@wwﬁ had ascribed to sla’@ cleavage
a c«@s%aume origin, he suqoposecl that the pafrjacﬂm of
slate rock were acted on after their &eposﬁmn by <po1cw
forces, which so arranged those pcwjacles as 1o p@rocluce
cleavage 1o1cmcs, @nﬂoﬂ ‘PO’[%%GCI out, however, that slate
was comyoseci of H@%wqgcmous pcw%iclesj which, %Houjh very
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fine, were of immense size in comparison m’c‘h molecules,
5 € Sov@, D Sha«pc, and @nﬂaﬂ brought forward
evidence based on obscrvation of slates and the fossils j(h@

contained, and on e%qoefr{cmen%, 1o show jcha% pressure alone
was sufficient to account for cleavcgge,

In %he casc of most of jchc slates 7 haw examimcl,
jche ?omminifeml disks arc en face on ’fhe sufrface of 9(710

slab and in wertical section at %71@ broken eclges of j(he
latter, ﬂcw would be a matural %cmlcngy foaf %he clisf(s,

when cleﬂposij(cél as sediment, 1o lic ho«izon’(e&@ like saucers
’{hfrow'n into %71@ waler,

G the same time, T have seen disks @inj very o%’;ue@,
or cven wfr%icol@ dam&, on ’rhe swface of %71@ c’[mwge
ﬁme, Occasionauy, j(oo, disks en face arc scen at %he
broken co:lgcs,

%aen%@ 7 hcwe seen some ‘bcau’c{fu(l ceeacmfples of slates
showing nummulitic structure, vz, in weathered slabs on
%71@ yoofs oj: London %uiuinjs, The nummulites are well
shown in cerlain m’(hw calcarcous slates fﬂrom iancashiw
gucwfrics, WHGW a slab ho,s been 1{971’(@ overlaid @ s
ncig?ﬂoow’, ’Che friame y«o&uc%s of wea’(hwinj hcwe not
been washccl away @ %He rains, jew one can oﬁcn see ’(hc
umbilicus, pores, and coemjowssecl Ictyws of bran—like scales
foewmcél @ ’rhe broken—down alar pfrolon\ga’(ions. Thcse
slates effervesce consic?em%@ in acid,

@nﬂan ‘Y@:]CGTS %O %7’10 ‘mO%’dGCI “PCLIG ﬂ¥@0% pa%cfhes on

SICL%@S, omcl CO%S{CIG‘YS jfhem %O (b@ 7'0110& masses Of ﬁm mucl
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con%ain{nj less irom ’fhcm %He darker epovja'ons, J ﬁnél ’(ha%
jCHeSaz spo%s resemble ’Che darker ‘PCW%S in %m’nj com«posecl of
nummulitic shells, dt @enﬂlyn J saw pole “s]oo’(s” in the
shwpe of rinos suwounolinj a dark arey central arca, and
a s[hen may be ?cw’(@ 10@1@ and pcw’(@ darA. Tha cieﬁciengy
of iron whicﬁ @n&aﬂ fowncl may haw caused mnot on@
j(he «polw colour but also ’ﬂle 3«0@’(@7 smoo’(hncss, For a
51{971’( ciiffeveme n comfposi%ion miﬂﬁ msily ?m'nj about a
variation in jche grain and Texture,

(dam Sedgwick, in ‘The Synopsis of Classification of
British Galacozoic Rocks, 1885, Introduction, p.  z,
makes an in’(cws’cifnﬂ comparison between slate and 3«0,711'7(@,
Of ’fhe latter he writes: "N gives no appearance of a sia’@
s’(wc%uw; 30’( 1 cleaves (some’a’mcs %hﬁ’ouﬁh 1@4:9@ sqoaces)
in one constant dirvection, and in maﬂr@ pamud p1ancs,
much more «ca&{@ ’(hom in any o’fhe*r,” J can see very dis—
%inc’ﬂ:y n meélium—\gmimol 3¥ani%es ’Che ce@s’(awzecl sheus
on face, and ch and ’(hew %he wi [low pa’(%wn of sheﬂs
in wvertical section, ie, both granite and slate, ave com—

fposeél of nummaulite sheﬂs, but 7 belicwe %71@ former rock

?Co be a limestone me’(amomhosecl in situ ?39 éhamicol action

(decalcification and “silication”) and by heal The slate, on
%71@ o%her hwnci, is w{cien%@ a seclimm’(a@ forma’tion,

J fpa{cl a weekend visit to 7\/59’9(11 Wales in order 1o

see jfhe slate guarrics at Z?cmfhyn and Llanberis, and 1o

examine phms of %eﬂ&inj and clecwotge, and _j'oin%injs,
J was shown over the @cn«han guarry by Ay, R NMor—
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zry who gave me muéh valuable {fnfoqffma%ion and many
in’(ews%i%j sqoecimens, il of ’(he latter fu% conﬁ%m my

5%@%@%’1@%% jfha% S1CL%@S are com‘POSGa Ojc COM‘PYGSSGCI num—

mulitic shcus,
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1 The @@ssc& Red Clays

Thc:y mount up to jche hmwn, j(hc:y 90 down again
o ’Che olejo’(hs,”ﬁ‘ — Bsalms, 1032, 26

In 1825 jue&@ wrote (‘Oﬂ some of %71@ @Kgsuﬁs of ’(710
gxf’oe&{%{on of j?%é% & ﬁaﬁquw’): "J jfhifnﬁ it pvo%a?ﬂc

’(ha% we s’haﬁ hcwe o wail some time for a suﬁcien’f

exploma’(ion oj: %710 origin of %ha a@ssc& red clo:y,,, " T beliewe
’fho,’f jche answer 1o ’Ch{s riddle of %Hc red ciofy has now been

found, and that a wonderful light will, in conseguence, be
thrown on certain greal ?afomcms of geognosy, and to a
lesser extent, of ?){olqﬁw,

The occurvence of volcanic islands, fc. of hcaps of num—
mulitic seafloors, scattered over all gfhc oceans, and ’che wide
distribution of igneous rocks, whiéh are also nummulitic,
seemed 1o poifn% to %he p«o%a%h’@ %hajf vast arcas of %he
sca—bottom were of a similar nature, R scemed Ho«pdcssl
howwev, to expec% 1o be able 1o ww’fy an hypo’(hesis of %711'5
kind, for c?ecp—sea ifnwsj@a%ions showccl jfho?( jfhe floor of

siﬂlc reference is to %710 occurrence of nummulitic scafloors on jche

summits of mouniains and in %he a@sses of 5(710 ocean, (ﬂlc Fsalmist's
wllerance Lverses 25—zo] is an m'tmi%a%ly naive clascvmo’(ion of an
experience painfully fomiliar to land—dudllers That 0 down o
sca in 5711105 The narralive is so vivid, ’tha’( ?ossﬂa@ it may be a
reminiscence of %he oct's own suﬁwm‘gs in ’ﬂle eaqooseol roadstead off
jaﬁa, and oj: 711'5 cleliwa*ame on wachinﬁ 9(11@ “desired Hawn” wi%hi%
%he rock %cww'ws,)



’fhc occan was ccwpe%ccl wij(h various Rinds of 00Z¢s whiéh
haci been accumuh’(in\g fw countless ages. fow could in—

struments let down through miles of water do more than
scratdh the surdace of such clcposi’ts?

s a forlorn hope, T proceeded To examine the Chal-
10%30« collection of clecp—seo, clcpos{’(s now stored in ’(71@
Natural history Museum, Cul of 580 samples T selected
%71@ of@sscﬂ %& é’@s, because %Hgy would be mcwly fwe
fwm admixture wi%h jfhe calcarcous skeletons of %he pe%:g{c
?omm{nifcm whiéh vmosj(@ become dissolved %cfow wach—
ing ’Che a@sses %@ond 2500 fa’(homs whew ’(he %& @1@
abounds, ?mw’(hw 1 was desirable To choosc a samﬁc remote
fw«m volcanic arcas,

ecordingly T started with Sounding 199, Station 15
G Tune 1z, 1824 Lab 3° 50’ S Long, 155° 28’ € (aboul
200 miles cast of 53&%@, on the voyage from 53&%@
to Mew %eolamu; clep’dl 2600 fa’ﬂloms, Th@ swmplc, an
unusuofl@ 300& one, consists of 9(71{4’@ small lwmps of hofrcl
buff—coloured clay, containing 6,54 per cent. of calcium and
on@ 5 por cent, of ’Jromm{nifem, Full details are given in
Murray and Renard's “Thallenger” Report on the "Deep
Sca @cposi%s,” 1801, p. 8s.

Tha 1@{9@5’( fw:gmcn’(, whiéh is aboul ’(he size of a
ho;rico% bean, is in %he form of a little omonj slab about
15 millimetres long, 5 mm. broad, and 4 mm. thick. On
one surface which clearly formed part of the occan floor,
it is mot &iﬁmﬂ% fo see 0{971% or mine civcular disks or
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parts of disks, about 3 to 4 mm. in diameter, cach with
a central raised or sunk circular arca (um?oﬂicus), and

/

wi’(h traces of radial and concendric pa%’(wn and pores,
WHW@ 7(71@ disks arc broken o%’guc@ jfhe 04905 of coils
wi%hin coils ave wisible, and werlical sections show %he
cx%wmc@ minute s;uaw—meshecl network pa’(’t@«n fowmccl
@ %71@ cc@es of ’fhe much—comepwssc& alay pvdonja’a’ons
and sejo’(a, Ve@ cm’eﬁﬂ iﬂnspec%ion of ho«izon’cc& sw’faces
of 9(71@ disks reveals concendric (wc&@ spimu or «ad{a%inj
series of fine scales co.ch usuaﬂy wi’(h a minule dot or pi’f
al or near its condre, 9 haw seen %71@ same appearance
in %he bran—like scales of 7(710 cflisin%@m%c& nummulites of
wca’(hew& slates, Thcse scales appear to be 1Mle blocks cut
out @ %He eczges of %71@ mclia’(if@ se«p%a and of %he spimwy
coiled sggmcn’(s, (Thc clmwinj of a sqoiwl ﬁjuw and of
radii will best illustrate %He fmeomifnﬁ), The average size
of %he scales is about 15 U, but jch@ are usuaﬂy smaller at
%he centre and 1@{9@4* at %he pwiphc@ of a shen,

Sometimes very minute rows of dark c@s%als ({fnsolu?ﬂe
in waj(w) can be seen, appearing as if ’the:y had been formed
in relation %o ’(he cavitics of ’(he sheu, J Haw seen 9(}1@
same fphenomcnon in sheﬂs composing a piece of 3mm'%oic1
rock from Forlo Sanlo, T was permitted to dissolve a
small piece of cmo’(hw fwgmm’( in acid, Thew was a
1Mle effervescence and 9(71@ payj{icﬂc became a sanc@ hump
wi’fh very 1itle cohewncc,

Seweral weﬂ—pvesewcd shaﬂs of _?Zo%{gew’na are pmf%@
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or wholly immersed in the first fragment, Al stages can be
scen, viz, from being just stuck on ’(he surface, hcﬂf in and
hc&f oul, 1o being sunk wi%h 7(71@ Upper convex outline of
the shell showing through the surface, or 1@5’(@ 7(71@ may be
whouy immersed and at different ciefp%hs, These oqopcwm’dy
trivial obsevvations will ceep1a£n ’fhc real nature of all 9(71@

&00‘}3—500. 002¢s.

The Red Clay from Station 165 &, Tune 19, 1824, 2600
fa’fhoms (ofbou% 200 miles E, of Station 165), contains 13
per cent, of recend ?omminifcm, The §1o?af9wifna ooze¢
from Station 165 B, Tunc 21, 1824, 1075 fathoms (aboul
300 miles €, of Station 165 &), contains é5 per cent, of
recend ?omm{nifcm, In %07(71 %hesc last so;mﬂcs %hcw is
the matrix of ancient changed nummulites more and more
flled with Globigerina shells. Hoain a pure Red Clay
from Station 264, @(uj, 23, 1825, 3000 fathoms (San&wiéh
to 35311"(1’), is almost whoﬂ\y compose& of a compwsseol mass
of pc&aeo—nummdi’ws, Even in ’(he pufres’c _@10%{9@4’1’%@
ooze obtained ?Zy j(he “611&1@@%” vz, %ha% from Station
33 S, Mar, 11, 1826, 1990 fathoms (U;’is%om da Gunha o
(Ascension Usiomél), ’Che nummulitic chamc’fw of jrhe malrix
is discernible, crammed %houjh it s wi’(H shcus of *pe%:g{c
?omm{nifcm,

Aot to crowd in too many details, I would mention that

J haw examined &ecy—sm oozes of all kinds, viz, fﬂo‘biga—
rina, Radiolarian, Diatom, Blue NMud (Terrigenous), Red

61@5 from the arcas where %71@ occur in the Hlantic,
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Indian Ocean, and Bacific, and have found them o be
composeci oj: a fun&amen’(c& matrix of pc&aeo—nummdi’({c
mud crowded wml %hc remains of Yarious m:gcmisms.

In ’Chc case of volcanic sands ’(hew is a sinjuicw con—
%@ui’@ of f«rqgmen’(s of ancient sca—bottoms whiéh ho,w
been ejected from ujohcawcl arcas, wi’(h remains of num—
mulitic sca—bottoms which have been &cwesse& so as 1o
form %rou\ghs The @%woqooél 00zes again, do mot reveal
any traces of their immersion in nummulitic mud, pw%a%@
because %71@ latter 30% washed away, Sir John ZMW«@
(‘Scieme of 9(71@ Sca, P. 215;) writes concerning cerlain
swmplcs such as manganese nodules, clc., coming up in %he
trawl, "1t is, however, almost certain that these various

objects were embedded in c’lci% whiéh passecl ’(hﬂfoujh 9(71@
meshes of the net”

Foraminifera actually living on the occan floor do mot
sink, prem’se@ because ’Ch@ are Iivif@, %71@ sheﬂs beino
immevrsed in ou%spwo,cl contractile pw%fplas«m,

Several of the Diatom oozes were merely powdery,
but foy’(una%c@ sometimes 1umps were pwsm’c, and these
showc& jchc nummulitic structure, Thc @Ka&ida«im 00z¢s
reveal the nummulitic structure better cven than Red Clay,
and 7(711'5 1S curious, sceing %ha’( %11@ latter s ’(he pwes’(
form of %71@ ancient chomjccl limestone and morcover, %he
common matrix of all the oozes. ﬁpepwenj@ the long
spines of ’Che shens act as 9(71@ axial rods of a kind of

biton arme,
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The floor of the ocean is comjoosc& of an altered num—
mulitic limestone, The consis%engy is %ha’( of a soﬁ clciy or
mud, but 7(71@ nummulitic 571@115 still vetain in a varying

élggwc ’(hciér sho,pc and structure,
WHen fo«rcigfn bodics arvive at ’(he swrfo,ce oj: ’(he

0oze j(h@ 34’@%@1@ sink in and become more and more
crowded in the nummulitic matrix, ’(‘hew@ imzpcwj(inj
s«pecial chcwac’(ws to i, In accordance wi%h a quicol tor—
mino1% for ’fhe 00z¢es, j(h@ would be named _@10%{9@#%@
<pa1aco—numvmumicj Ra&ioia«iwn pc&aeo—nummuli’fic, cle,
Sir jdhn Muwciy estimales %ha% of pe’[qgic cleposi’(s 9(71@
ncw@ pure pcﬂaeo—nummuh’%{c ooze, %71@ @Kec‘l 6‘@ covers
55 millions of sguare miles, in the Hlantic, Indian
Occan, and Bacifc (mainly)  Globigerina ooze occupics
a2 millions of sguare miles, aa&iohriom 229 millions,
Diatom 10.88 millions, and Fleropod coze about o4 million,
Jerrigenous &eposi%s (mue, red, greem, volcanic and coval
mucls) cover an avea of 28.05 millions of sguare miles,
We now hawe divect and certain cvidence %hajc ’(hc 3%@’(@4*
vpcw’c of ’Che 142 millions of sguare miles of occan floor is

fomwcl ?39' a nummulitic limestone, One of ’fhe Io:yws of
the olobe is made of this material and might be termed

“nummulosphere,” this being the base of the “biosphere” of
w‘ﬂ’chezr,

Th@ abundant cvidence of compression in %71@ silicated
nummulite shens is main@ and y«rimwi@ duc To %heiﬂr be—
ing sweezccl clw*inﬁ jwaj( ccchh movements, Tha existence
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of minute ctys’(ols in some of the red c’lcgys, and of ad—
mixture oj: volcanic pfrocluc%s (e;g, pumice and 31@5@ and
volcanic pfro&uc%s n %71@ 9@& 6‘@ from M, 165, which
is fcw remowved from volcanic cwcas) scem Yo indicate j(hc
existence of 1gneous action, which is, 7 belicwe, usuc&@
s{cmp@ a gymp%om of compression,

T is fai«@ cortain jcha% jfhcsc altered nummulitic lime—
stones never orew in ’(he a@sses whew ’(h@ are now founol
For one %hinjj how could such ﬁ{gan%ic masses of organisms
30% ’(heifr foocl and ’fhe{ﬂr calcium carbonated Like %he wcf
corals ’CH@ must haw been wla’tiw@ shaﬂow—wa’(w or—
ganisms, The sinﬁinj down of a shanow—wa%w forrma’a’on
10 a &epjch of 20,000 feet is mot more wonderful than the
up—raising of a nummulitic scafloor o form a himalayan

peak

% 0l 0l 0l 0l

Tha facjc %ha’( jfhc disks in nummulitic clo:ys can relain
jfhcifr fowm s scen in jthe casc of %he Fullers’ gofrj(h fowma—
tion of the Inferior Colite, Also i is not diffcull 1o sce
%hc disks in coloured c1gys used for artists p@men’(s, j(hcse
oﬁcfn ?oeinj %He ‘Pﬁ’ocluc%s of clisin%ggm%ccl 1gMeous rocks,

?uvjfhw, 7 can detect %he disks in a scmozy clc&y which 7
dug oul from a railway culting (Goldswortly Hill, Middle
@0195710’() neay WOﬁi@, @ccovcunj@ %he pwsis%mcc of
nummulitic pajc%cfrn in jfhe a@ssc& %cl @1@ is not a uniguc

7371@%0‘“10%0%,
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0l 0l 0l 0l 0l

T is sinyuiav ’Chew arc so few recent species of jfhc genus
ummulites, ‘(Bmc@ descri bes on@ one in his fhaﬁen\gwﬂ
@i@poq’%, viz, N cuminoii, a %yopiccﬂ form h'w'fnﬂ in 10—25
fa%homs, je wﬂr{%cs, “Th@ genus Tummulites ceeefmph'ﬁes jchc
h{ghes% ’Eyjoe of structure atlained @ pwfom’(c calcarcous
?omminifem,” The nummulites, whe’fhw individual or
colonial, of 19Meous and of many ojchw rocks hawve 9(710
@fpiccd chamc%ws of %He genus Tummulites, R s s’tzrcm\ge
%ho,% jche 711:971@5’( @pc shouw chc existed fvom jfhe carlicst

pefr{ocl,
* * * * *

Th@ cliscow@ of s%fronj cvidence %cn&inj to prove %ha%
3(71@ a@ssc& occan floors haw 3m3ua1@ sunk to ’Chm’a’ pwscfn’c
posi%ion may ’Chfrow 1{971’( on p«omems of distri bution of
marine ovganisms, Life did mot oviginate in the oreal
Jqo’(hs, Fixed oq:gam'sms came to be ’Chew ai’fhm’ @ m{gfm—
tion from lesser cl@p%hs, or @ beino carried down pass{w@
owing to sinking of the floor on which they lived
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12 THG Dawn @nimal in @cuily iife

“Nothing of him that doth fade
But doth suffer a sca—change

Into somc%hinj w’éh and s’fm@e.”
riel in “277ze %mpas%,”

"Swift as the sparkle of a glancing star,
7 shoot from heaven,” — Comus,

J was wcen%@ asked which was ’Che commonest fossﬂ, J
had no hesitation in veplying, "Eozosn,” and it is strange
that this should be the case, secing that the very existonce
of %his organism has been denied,

Jf my discourse is diffuse, it is because ’(he subject %hewof

is so uniw«sol@ diffused, We use 9(71@ calcareous or silicated
skeletons of nummulitic vocks to build houses, urches and
monuments, ﬁjain, much of the road metal or Macadam
is composecl of 9(71@ same material, Sulphuq’, which may hawve
other sources than the organic one, unciou%%c&ly is associated
with ozodn, T have a specimen of disintegrated Eozosn,
n ’fha form of %méby%c, broken off from %Hc interior of %he
upper crater of Jenerifle, which contains disks of Eozodn
and granules of pure su’lphw,

Fossi %Iy cven %71@ carbon of whiéh diamonds arec made
once fofrcmecl fpcwj( of %71@ sarcode of gozoé’n, foqf jfhesc gems
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are found in the matrix of igneous rocks The high tem—
fpem%uw caused dissociation of %71@ carbon compoumls and
meﬁinj of ’(hc carbon, which c@sj(awzecl under immense

‘P’Y‘GSSU’Y'G,

M, & 7\40@@% of %’cﬁmon& showcci me a 1@(9@ picce
of felspa%hw rock fuﬂ of say«phwes fvom %he Burma mines,
The whole rock shows %he disk structure, Sapphwes and
rubies are fp@ro%a%@ remnant y«o&ucjcs The lime and silica
of %He Iime—fdspow of %71@ malrix haw ciisajopeave& n
places, %avinj on@ seswioxi&e of alumina %inﬂccl wﬁh
éhfromium or iron, Jraces of ?ommin{fwd structure are
visible in some of ’fhesc gems, whew j(he %m%sforma’cion
and c@s%anisa’ﬁon ho,w not been comple’(c&, Diamonds

may haw come f«om %he ﬂesh of ’chc Dawn @nimofl, and
cefr%ai“nly many o’dlcfv gems fvom its silicated skeleton,

@jain mica is a silicate which formed <pcwj( of a num—
mulitic and pw%a%@ g%ﬁ’oma%opwoi& rock.
Ao, f g Wigjins very ﬁin&@ pwmi’(’w& me To look

round His 3«0@% mica wcwéhousc crammed wi’fh syccifmcns

from all <pcw’(s of the world, Tt was not diffcult to trace

5 haw since examined a yieca of “Blue §0roum1" diamond matrix

fvom ’fhe Bremicr Diamond mine near Prcloria, I founcl ’Che Styo—
cma’fopo«oicl structure c’lem’@ visible in gﬂp’s sm’penjﬁm rock, which
fowns 1011595 in volcanic cralers.

@ppawn’(@ %hew arc mo dikes, and if ’chis be %hc case, it may
account for jfhe fwma%ion of %he carbon c@s’tals, For if dikes could
not burst %Hﬂfoujh jfhe u@id&inj g/uow’(z fofrma’a’ons suwoum‘linﬁ %71@
craters, ’chcw would be extra pressure in %710 cralers ’chemsdws,
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’fhc ?omm{mfcmfl structure in some of 9(71@ froujh Masses
of %his mineral,

0l 0l % % 0l

(4 curious association of 9(71@ Dawn @nimal w{’fh %hc
daily course of life is afforded by the sacred stone fixed
oulside ’(He sou’(h—ms’( corner of %71@ Raaba at Mececa. @l
travellers® agree jfha% jfhis stone is wvolcanic or ’fhajc i1 is
an acvolite, Seweral times ﬁai@ many millions of o—
hammedan profiles turn or ought to turn towards Kaaba,
of which ’fha stone constituies %Hc most impo«%omj( pcwj(,

Very probably, then, a fragment of the Dawn Enimal
constitules %71@ oemphcdos of ’Che mohammeﬂcm world, JMo—
hwmmccl gave out ’{hg’c ’(he stone was given @ ’fhe w@d
_@ofbw’& to &%mham (a ’Cheofty T belicve in almost as Litlle
as in %710,’( of %he mincral origin of gozoa"n)ﬁ?

0l 0l 0l 0l 0l

On %11@ occasion of a recent wisit o Westminster @(%@

7 obtained ycwm’ssion o view wi’fh a lens %71@ stone of

«Sce B Burlon's Pilorimage To €l Medinch and Mecea,” wol 3,
pp. 159, 210, where the views of &li Bey, Burckhardt, and himsclf
are given,

=/\o %W@ rel@ious MOhammeﬁan need vggwj( jﬂlo,% %He y@ﬁ%@ ven—

erated gym?aol is in all p«o%a%ﬂi@ a fwgmenj( of cha%jeél nummulitic
limestone. Tha 3%a’( woﬂcl—qooe’f jc%ﬂccuin writes of j(hc yil_qw'ms 1o
’(hc Raaba:—
"They hear a woice from out the %mﬁe sound:
’wéhy pray ye j(hus, 0 30015, to c’[ogy and stone?”
"The Festival of Bjow'@” Uw,jas%{c's vws{on),
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Scone. The light was not very good, but so far as 7 could
see, ’(he stone is mot a sandstone as stated in ’Che _?u{cie
1o ’fhe @%@, bul a mass of ﬁnc—jvainc& ioneous rock
possibly of the mature of a basalt, T am fairly certain 7

could detect mot on@ ’Che disk structure, but also minute
sellow and dark ved erystals

0l 0l % 0l 0l

J have seen who.’( appears 1o be an inj(cwsj({nj eeecvmﬂc
of a seélimm%m:y nummulitic fovma’&'on} viz,, in a brick
which 7 ?awwgh% back from @a%ﬂon The brick, which
is s%o.mpccl wml %%uchadmzzw/s sfgfna’(uw, is a baked
calcareous mud, whiéh effervesces in acid, 1eavinj a muc?czy
or fine scmczy vesidue, The nummulite sheﬂs are clecwly
visible mixed up with mud and, here and there, fragments

of reeds, Fevodotus writes: “(ds they dug the moat They
made bricks of ’(ha ecw’(h ’(ha’( was cluj out; and when %71@
hacl moulded a suj‘ﬁcien% number %Hc:y baked %hem in Rilns,
Thefn, making use of ho’( asyhcﬂ for cement, and 1@1'4}9
wallled veeds between %he %hio”@ bottom courses of bricks,
they first built up the sides of the moal, and afterwards
jthe wall i%sdf, !

Limestone slabs wi’(ﬁ %aswe1iefs which J picﬁeci up at
7Vinwéh are cw%ain@ nummulitic and appawn’@v Stro—

ma’(owvoi&, and p«o%c&)@ come from limestone mountains
of Rurdistan. T scems pvo%a?ﬂe, %heﬁn, ’ﬂla’( the guphm’(cs
and Jigris carry ’fhe detritus of nummulitic vocks and de—
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posit it as mud, Below hit and in the neighbourhood of
’Che Nedian Wall, which extended between ’Chc gu«phm%cs

and Jigris, ie, about fw@ miles duc fnofrj@l of ‘(Boﬂzfﬂon,

jfhcw is an ancien? coastline aboul 200 fecjt above sea level,
% % % % %

Secinﬁ ’(ha’f many meleorites are picces of stlicated num—
mulitic rock, it is wo%a?ﬂe %ha’( some of %hose famih’ow
o?gjec%s Anown as shoo%inj s’(oxrs, jfha’( can be scen on any
clear night, arc likewisc fragments of this vock, vendered
whﬁc ho% in %heiqf wsh %hrwgh %71@ atr,

*

0l 0l % 0l

y\/ﬁaf@ of the p@men’(s, such as umber, sienna, and the
various oéhws, are clo:ys mcu'fn@ comjoosecl of silicate of
alumina %injccl w{’fh oxides of iron and mangancse, Thcsc
substances are the disintegrated wo&ua’fs of wolcanic rocks,
and usuc&@ 1 is not &iﬁcul’( 1o make out ’Che nummulitic
shructure in %71@ crude material, Indeed, 7 belicve I can
sce %ha’f structure in Microscopic epvepam’(ions made ffrom
some “old masters” sold To me be a connoisseur and dealer,
and sold reluctantly when e learned Phat 1 was my Fll
purpose to submit ’(h@ treasures o ’Chc mercy of %71@ ab—
howe& shecws. jew and ’(hew 7 could see a row of scales
caéh wi’(h one or More pores, TN would not be SUrPrising
if jfhc most clﬂ@cn% aeppmn’fic@ faﬂc& 1o 3¢inc1 pm'fn’(s s0
small ’cha’( no 10cw’(1'c10 shouw be 1cw:9w ’Cham 01 to .02 mil—
limelre (’Che average size of broken—down shcn——jom”(ic%s
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in siaj(es),

“however that may be, there s mo veason for doubting
3(710,% jCphc/: resurvected velics of 9(71@ Dawn @Animal, live again
in a sense, on the canvases of the great masters, @whi’wc—
ture, Sculphure (in Verde dntico), Fainting and Biouleric
all clepeml on the same source for a greal deal of their

material,
x x x * *

@t Forto Santo Tsland 7 often saw Iciyws of JMiocene
corals and shaﬂs overlaid 739 lava — 7, ?y pouwcl—ou’(

altered Eozoic h'fmcs%om, suw@ a wvery s’(fromjc exo;mﬂe
of superposition of an older on a gyounger formations
The inscribed slabs of 3¢ani%e covering %Hc remains of
Alan cons’(i’(u’(c, howew’r, a fmuch s’cm@w case, fov hew
jfhcw is a jux’(aeposi’({on of 7(71@ relics of ’fhe carlics? and
latest woéluc’(s of organic evolution, and one is 794’01{971’( in

presence of a fmysjcc@ which science is unable 1o fajfhom,
the mystery, not of death, but of conscious life and thought.

533711'5 sujoefreposi%ion, %1101971 s’tmnje in chamc%w, is of common
occurrence, for it Takes phce whenever lava flows down a mountain
side,
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1 3 Summw@

Tha S%froma%oqoow{&s are colonial ’Jrommimfcm consist—
ing of 1@@’5 of coiled disks, and Eozoén canadense is a
Sjwoma%opowicl wi’fh an extra %h{cﬁ %:yw of caleite be—
tween the Iciyws of disks, and this extra 1@@« i pcrmca’(cci
?gy ’chc pseu&oqoocuafl canals con%aimnj 7100105 and coils like
j(Ahosc of ’fhc mural tubuli of Galacozoic S’C@’oma’copm’o{czs

and of recend ’J(omminifcm,

@t BForto Santo Tsland 7 discovered %ha’( ’fhe volcanic

rocks (%asal’(s, ’Cmchy’tes, lavas, 3mni’(o1’& yocﬁs) Were com—

posecl of ?omminifem’t shens,
Later 7 fouwl %ha’( volcanic rocks fvom all pcw%s of j(he

3101:@, and also plu’(onic rocks and gneisses were metamor—
phosc& nummaulitic limestones, showing more or less c(lcm’(@
a “stromatic” arrangement and also the Foraminiferal disks,
ma@ meleorites were fouml to be fﬂrqgcmen’(s oj: num—
mulitic rock, p«o%a%@ huﬂc& into space clu«inﬂ cijﬁons,
Lastly, a@ssal %cl 61@5, slates, and cevlain Cambrian,
Ovdowvician, 5a¢%onife¢ws, Fermian, and urassic lime—
stones are composccl main@ of nummulites, & 3«@%1”(@
guarry, a voiccmo, an oolite guarry, a dolomite pcaﬁ, or
an a@ssol occan floor, all haw %71@ same founéla%ion, vz,
%hc o*r{ginol@ calcarcous POTOUS skeletons of nummulitic
?omm{nifcm, In j(hc casc of %he jmfn{j(c 7(71@ limestone
wppcwcn’dy became dolomitised and silicated @ %einj per—

meated wml aluminium and silicon co«mpoumis pw%oﬂo@
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derived emcvinly from sca water, pwrj(@ from frustules and
sheletons of organisms wi’(h siliccous sheletons, and POSSi—
%@ also fq’om 710’( solutions of stlica made fvo«m cl@pos{’(s of
sﬂica—fm’minj organisms on oy below which j(he Stromalo—
fpovoici wefs rested, Th@ silicated limestone became haa’(ecl
and more or less melted owing to shw’nﬁqge of %he coxr’fh’s
crust, and on cooling c@sj(aﬂizc& to form the various kinds
of 1gneous rocks, The 1@’(04’—3@04’%1@3 limestones underwent

less and less mocliﬁca’(ion,
* * * * *

5m’cfu1 examination of ’(hc 1gneous rocks shows ’(hem
to be disquised ’J(omminifcm, &ccowl{nj@, the pfromc«m of
these vocks, like that of Eozodn, is Wicmcwily a poﬂacon—
tological one, The great aphorism of Linmacus, that the
rocks ave the daughters of Time, is true. The bomes of
the clder dauohters suffered “a sca—change” (into silicates)
and later ’(He came’ce@ became devastated; but it s oﬂen
Ppossi ble 1o recognise jchc velics,

% % % % %

jﬁhw’(o treatises on 5’(¢oma’(opo¢oicls hcwe dealt on@
with Galacozoic forms. I the nummulites of igneous

rocks and of many later fo«ma’({ons are colomial, ’(he next
monqgmph oujh% to describe %he S%froma%opo«o{cls of all
the evas: wiz,, Eozoic, including igneous and gneissic rocks;
and Falacozoic, Mesozoic (and ¢ Cainozoic and Recent),

Those of 7(71@ first erva are usuc&@ silicated, and %hosc of
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the succeeding cras, silicated, silicified, dolomitised, sanded,

or unalleved,
* * * * *

4 scefp’(ical fw’eml tlls me %an%wi%j@ %ha% J sce mum—
mulites cw@whem @wjta{n@ J ﬁfncl jfho?( %hcizr distri bution
in space and time is almost incvedi %@ extensive, bul cv—
cryone can ww’fy %He facj( fov Himsdf wi’ﬂl not much
caepcmmuw of time and trouble, We can mow realize %ha’(
Ufc %@afn on a fphﬂ@%@@ scale, The 1{971’(W clements and
%Heifr comjoown&s foarzmec’l a swrface 1@@7 of material oul
of which p«o%oplasm was built up, and a poﬂion of ’(hc
latter &evelope& into a wiﬂc@ distribuled lime secw%ifnﬁ
Rhizopod,

% % % % %

The Mmmulitic Theory of Joncous Rocks will be of
importance— to Biology, as showing thal a great part
of ’(he floor of ’(he Eozoic occan was fo«mecl @ a shen—
forming “Batlybius’; to Ceology, in proving thal he
19meous and oneissic vocAks, and numerous sandstones and
limestones of later eras are co(mqoosc& of skeletons of a colo—
nial nummulite; to _@c@nosy and Vukanoio‘iw @ %hvowifnj
fwsh 1{9%’( on ’Cha pvomem of %71@ TiSINgs and sinﬁings
of ’fha ccw%h’s crust whiéh give rise 1o land sufrfaces and
occans; 1o @’c’wdw and mmcwioiy @ poin%inj out a
wofoumﬂy impoqf’(cm’( clement in ’(he construction of 19—
neous rocks, and onc which has been an "o,no%{omomohic”
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facj(ov influencing j(he form assumed @ coolifnj minerals;
and 1o ’(he science of meleorites, be wwc&inj ’(ha’c many of

%hcsc bodies are of oa:gomic and fpvo%a?:@ terrestrial w{gin,
X X X X X

Thc most imqooqﬂ%omj( clue 1o %71@ nature of ’Che 1gneous
rocks was fuvnishe& @ a little fpcw%icie 0.1 of a millimetre
(0,004 of an inéh) in diameler (@1 1, ?19 1—5), Soon %his
pcw’cicﬂe was founcl o be <pcw% of an o«@incﬂ@ world—wide
domain — ’fhe Mammulitic — which has endured almost
from %he remotest beginnings of time, so far as Life is

concerned, even to the present,
* * * * *

Falaco—nummulitic limestones — wh{cfh are compose&

vp«o?oa?aly of colonial nummulites (g%«oma%oqoowicis) fowm
on %he jlo?w a universal crust — %Hc nummdosﬁlcw,

Owinj to shﬂrinﬁ@c of jfhe phm% ffrom secular cooh'f@,

%h@ nummuiosphew HQS %GG% %hfrown 1'71%0 34’@@% jCOlCISj ’(he

clevations of which constitute ’Che land, %He ckpwssions
being flled with the occan.

Tha soluble carbonale of lime has ‘PCW%{CLI@ or com—
fple%c@ &{sajopmwcl and has been wﬁaacd @ oﬁcfn com—
fp%% silicon comfpoun&s, fca’c duc o compression ffrom
ca«%ﬁ—mowmcn’(s has melted %hc silicated vocks, which have
c@sj(anizcci on c001in3 (@ncous frocﬁs), Traces more or less
obvious of ’Che silicated nummulites are fnm@ c&wciys 1o

be fowncl Tha suvface of %hc mcmmulosphew cons%i%u’(inj
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the floor of the occan is in the form of a red clay, which
is oﬁen crowded wi’(h %71@ skeletons of <pc1ot91'c organisms
and wi’(h various %cw{gcnous fpfro&uc’(s, ‘here, again, %he
nummaulite sheﬂs are alwctcys to be seem.

Many meteorites arc fragments of the nummu’tosﬁhew,
fpﬂro?m?aly of ’(711'5 plome%, hwfleci into space clwrin\g cwp’a’ons

Q‘n& ‘Y@CO/P%‘U‘Y@& 1@%@‘?’,
* * * * *

The pvimiple of phﬂosoyhic doubt is a very impor%cm’(
fpcw% of ’(he eguifpmen’( of a student of science, but it is a
doubt %ho.’( {mph'cs gympa’(hy wﬁh new ideas, m’(ha« ﬂl“‘”
7105’(1'11’@, %%uml@ there is ajo% to be a 1ittle igneous action
when new jfheoq'ies sucwmly come a’(hwcw’( ow—es’(am{shecl
convictions, In spi’tc of %hc pas’( his%oty of %71@ Eozoén
controversy, T am confident that the Stromatoporoid theory
of Eozoén will soon be 3@%@«@1@ accejo’(e&, and whe% %hajt
hajopens, ’fhe acccpj(ance of ’(hc 7(71@0@ of jche organic origin
of igneous rocks will pvo%ofb@ follow, for the latter is

sifmtply an extension of ’Chc foertmefr,

0l 0l 0l 0l 0l

g’as%sew’ﬁ, -9 Jdi%cm%c@ and %9wssiw7:y use the expression “so—called igneous
vocks” in %710 110100 of clis1odl9in3 cﬁec%ucﬁly a %w’(h—o%sawrinj obsession, iz, ’(hc %cﬂicf in
the impossibilily of The organic origin of hese rocks. So far as T have observed, They are all
simply ancient nummulitic limestones mcj(amorphosca 1149 solution, chaﬂmicol chanjc, pressure
and heat. 7 think that a move logical and scientific designation would be “Falaconummulitic
@Koaﬁs,” these being classified as herelofore in accordance with heir posi%ion (vz., a@ss‘ﬂ,
hypa@ssal and supefrﬁciau and their varying degrees of aciﬂi@ and %asicijg.
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14 @pwn&iee

:’ ‘Y@CO‘Y& h@‘?’@ SG‘L’GY@I new O%SG?‘Q’CL%{O%S %OO 1@%@ jCOﬂ’

insertion in ’fhe %oc@ of ’(ha toxt
*

% % % %

Tote 1, I ﬁn& ’Cha’c @pical red sandstones of ’(he ald 9@3

Sandstone, Fermian, and Triassic gﬁs%cms are composccl of
scmoly nummaulitic, wo%a?@ S%oma’(omﬂroi&, shells. The
nummaulites arc gui’(e easi@ seen en face and in vertical
section in a specimen of Old m'ecl from Oyﬁn@ (0,3%34,
7\5«7\4) and less casily in finer grained and more friable
examples of Lower Mew Red (Bivmingham, AFA), &l

calcarcous matier has cliso.ppcaw&,

In some red cq:oys%an{m e%wmﬂcs from Fenvith, meta—
momohic action has converted the sandy nummulitic rock
into a guaﬂr’(z 3¢{%, in which it is still Ppossi ble, ’(houﬁh not
casy, to detect traces of ’J(omminifem(l structure,

* * * * *

ete 2. — @ column of Bortlandian sandstone (in ’(ha
jerrmyn Strect ﬂéusewm) fﬂrom a ?oow"nj 1200 fce’c ciwp n

Rent 1s nummulitic,
* * * * *

Note 3 — Some fvcgmcn%s of %ppcer Fermian (2+ _@;
7%:7%) from Russia, wi’fh gguise’(ums are se&imen’(cw:y
nummulitic rocks, TH@ 30%%1@«7110,% who showecl me %he
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swai«mms oﬁew& me one penny foqf cvery marine fossﬂ

fowmi n %H@m SQUG‘YC& HU‘HCI‘Y@& ‘POM%CIS are clue %O mec.

% 0l % 0l 0l

Aote 4. — @holﬁ is a nummulitic and ‘PYO%Q?J@ Stro—
ma’(@po«oifl rock, (4 few minules careful scw%i@ w{’fh a
lens will reveal %He outlines of %71@ disks, whiéh are best
seen in hoxrcl cfhalﬁ, _@%ch«rina oozc is a silicated polaeon—
ummulitic formation, now a@ssol, containing recent _?Zo—
bigerina, cl. t%‘lfi is a Gretaccous calcarcous—nummulitic
rock, pvo%a%@ formed in wla’fiw@ shaﬂow waler, and
containing Grelaccous Ulobigerina, cte.

% % % % %

Note 5. — 7 have found a Cainozoic sandy—nummulitic
formation in 7(11@ Eocene Middle ZB@SHO’C sands, viz,, in
the Bracklesham Beds, Hlum Bay (shells not wvery dis—

tinct owing 1o %he powo?m:y nature of ’f’he scm&); and JWid
Bagshol Beds, Bournemouth (shells more distined).

Tha eee%wmcly delicate circular pa’(’(w’ns of %he sheﬂs can
be scen on some fpoxr’(s of ’fhe swfo,ce, and on o’(hw pcchs,
’(he cleliaa’(e@ lined pamﬂd series of fine bands fozwme& ?ﬁy
disks in vertical section, In fac’( 1 is Ppossi ble sometimes
to detect ’(hc winow—pa%’fwn fowmccl 139 ’fhc cczges of ’(hc
coils of jche sheﬂs mecj(ifnj at an om\ﬂc,

The shells have been modelled in fine particles of sand,
and ccwefmﬂ and pa’(ien’( scw%i@ wml a %10 lens will

3‘?’@011&01@ 4’0‘1’0@1 a11 %h@ a?aow—mcfn%iomcl S%‘YUC%%M’GS. g
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sometimes find little pa’(chcs of finer and whi’(w sand whiéh
show %he ?omminifeml structure very well,

Thasc iddle @qgsho’( nummulitic rocks m{gh’( almos?
be called Eocene @1@(1 Sandstones , S0 closelay do ’(hgy resemble

Fhe Ol and e Bed
@w%a%@ none of ’(he statements made in ’(711'5 pampme%

will cause so muéh surprisc among 3@01(291’57(5 as ’(hosc con—
cerning j(he saﬂn@ nummulitic cho,mc%w of j(Hesc sandstones.

Wen’cwinj ffrom %He saf@ 3«%%& of fac’(s easi@ to be
verified, 1o ’CH@ shiﬂin\g sands of hyqoo’(hes{s, 7 would su\g\ges’(
%ha’f 7(71@ Aid ZB@SHO% sands were fovmecl @ 9(71@ wearing
down of limestone (¢ wupper chalk) vocks, and That the

nummulitic débris became inﬁl’(m’(ecl and rmin\ﬂecﬁl wi’(h fine
sand, and decalcified,

In order 1o examine jche débyis ?woujh% down @ rivers
%Ha% hcd passecl over chal.fi, J visited j(he Cuckmere %’wv in
Sussex and 9(71@ Stour at Scmclwich in Rend, 371@ 00ze f@rom
mud—banks at %71@ mou%h of ’Che fowmw, and %he sand ffrom
jfhe scmo@ banks of %71@ Stour %o’fh contain scmcly models of

nummulites, Thc calcarcous matter has fnecwly or en’(iw@

gone, The spaces wh{éh WEere ov{ginal@ 9(71@ cho,m%ws oj:
the shell contain 1iftle dark grains of ¢ oxide of iron,

awanjecl in radial concentric or pcwanel—limcw series, U
learned fvom ’fh@se spec{cmefns how a central knob or p{’(
often scen on the bran—like scales of slates and a@sscﬂ

red clctys amocwcn’@ was fowmecl, nafme@, @ pressure of
an intracameral concretion on %he walls of jfhc shcns, 771@
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pi’fs, again, may be in the areas of pores, 6Ue@ close and
detailed observation is wguiwci to detect ’(he nummulitic
structure,

These scmczcy and mucw:y &eposi%s now being formed, in
the vivers Guckmere and Stour, consisting as ’fhgy do of
scmczy models of nummulitic sheﬂs (526/271’1'5) of a nummulitic
(2 S%wma%opo«oi&) limestone Anown as Cholfi, are, d
belicwe, fumfamen%aﬂy the same as those altered okjoosi’fs
Anown as gneisses and slades, ?The haema%i’ce (2 ) ﬂmfmﬂes in
%he shens of %Hc recent clcpos{’(s appawn%@ become clijfusecl
in the case of the varicgated (poiﬁﬂi’({c) Old and New Red
and Bagshot sandstones.

An in’(cws’t{fnj fea’(uw %ha’t comes out in %His inases iga—

tion of certain sandstones and j«i%s 1s %ha% ’fhe detritus oj:
nummulitic limestone or altered limestone (fgmous) rocks

is oﬁen in ’Che fowm oj: nummulites and not of shapclcss
pafrj(icles,

% % % % %

Note 6. — ﬁpro;vos of %71@ ’(heoty of compression as a
source of hea’c in volcanic yhenomena, T W @Wle« (@o’%icle
on Uolcanos in Encye. Brit, € 11 wol. 28, p. 101) writes:
"4 grave objection, however, is the dificully of conceiving
%710,9( ’(he hea%, whe’(hw due 1o cwshmj oY compression,
could be concentrated 10col@ so as 1o pyoclucc a suficient

clevation of %cemepem’cwc for mcl’(inj ’Chc rocks. &ccowh'ﬂnj

to %he calculations of ’Che @{w, C ?isher %71@ cmshin\g could
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ﬂno’(, under ’fhe most favoumﬁe c{frcumsj(wnccs, cvolwe hm’(
enoqgh 1o account for volcanic phenomena,” N must be
casy for flaws fo arisc in %he casc of &iﬁmﬂ% calculations
iﬁnvolvinj guesj(ions of jthe co:rﬁfs ’Cowno:ge, In view of j(hc
fac% ’Cha% ioneous rocks are altered limestone sca—bottoms,
no o’fhm’ %71@0@ ’fhom j(ha% of cOMpression scems possi ble.
Wch jfhc 701@11@% contracted ’fhc nummulosphcw was in a
Hoht place

ecording to Hhe “compression” Theory, Stromboli must
be Ar@omlccl as a node situated in an arca su?gjccjc 1o continual

chﬂ’onic pressure for a yr010n303 pew’oi
% % % % %

Wa%e 2 ﬂl@ fewogycmicle %@S% shows %ho,% %h@ CICW.& ‘Y@Cl

3¢anulcs in ’fhe cham%cys of ’fhe nummulite sheﬂs in some
limestones and in cerlain sands and muds (Wa?e 55 P _gg)

are composccl of seswioxiﬂc of iron,
* * * * *

Aote 8 The genus Receplaculites, which has been fre—
g/uen’@ shiﬂe& from group 1o oroup, will come 1o vest

at last among %he E%froma’(opo«oi&s or colonial nummulites,
The "fo,cc%s” of the engine—turned walch—case pa’(j(wfn are
the ujo?oewnos’( shells of rouleaux or columns of nummulites
like those of “piped guartz. " The umbilicus, the radial rows
of pores, the minute network pattern of alac and septa

eeqoosecl al broken swrfaces, arc best secen in %71@ 1@{9@4’
51{971%@ owﬂappifnj yYows of shens al ’fh@ pw{phcf@, 371@
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columns radiate out ffrom ’(H@ contre in S?’[‘Yal lincar sevies,
and whaw %710 sqoiw&s meet fq’om Ofmoosi’(e sides %he sheus
appear to be diamond shapccl The colummns are c%’twmc@
slender at %71@ centre and jméluauy become %hicﬁw towards
%71@ pwiphc@, Some face’(s hcwe a minute bud w[hic[h would
from a mew s’(o«gy, ﬂiecep%acub"?es will, 7 belicve, j(hq’ow

1{971% on %ucwinj and 3¢ow%71 in S’(voma%oepovoiols,

% % % % %

Tote a. &mhor . € %vonha tlls me %ha% @«of,
C. _@qgcl of Berlin ho,s info«rmccl him %Ha’( 9(71@ 34’@711'%01’&
rock of Borto Sanlo is Essexite, and j(ha’( it comes from
a cieejo zone of ’('he same magma ’(ho,% forms %71@ sujoefrﬁ—
cial cleposi’(s of Borto Santo and Madeira, %he Essexite
havinj j(hc a@ssol fofwm of c@sjﬂan{za%{on, See also Pro—
fessm’ _?c&gei’s Studien tiber den &uﬁ;w und dic _?es%e{m
NMadeivas, %ei’(séh. clcu’cséh, 3@01(29, _@cscﬂscﬁ. 1912, Band
6 heft .

% % % * %

Note s0. Corvigendum, B, g5, Summary, Delete lines 3
to 8 from %079, viz,, from “wi%h an extra %Hicﬁ 10@04’” 1o

“yecend ?omminifem, ”
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15 gxp1ana’(ion of Flates

%o%qgmﬁhs (?mo,clc fﬂrom un’fouchccfl n@a%iws) of very

_young shaﬂs fown& in sections of Eozoén canadense, Thgy

shouw be examined in diffevent 1{911%5, wijch and wi’(hou’(
%he aid of a lens.

?{95, 1, 2, 35 4 — A nummulite sheﬂ, about 0.1 of a
milimetre (0,004 of an imm in diameter, focussed from
above down al four different levels, x2z0.

4 cawful s%uc@ of jfhc actual shen shows at least fow
spi*rcd coils wound round j(hc funnd—shapc& umbilicus.
The 1@4:90 primary cham?aw is a itlle o ’(he righ’( and
above ’fhe fpow—h'ﬁc Upper opening of 9(71@ umbilicus, gaéh
o:f %he 10;(9@4’ dark sepo’fs is p«o%a%@ a 10,4:9@ pore; double

rows of very minute dots in %j 2 are smaller pores, Th@

obscure radial lines are fmcj(uws n 7(710 m@h?oou«rhoocl of
scp’to., Thc 1@4:9@ iwggulow 1{971% po.jcéh 1o jthe «{971’( of j(hc
cendre shows a broken arca. “Willow fpa%%efr'n” o?vscuw@
visi ble c&onj broken ec:lgc n ?{95, 2, 3 (Scc ?19 15,)

?19 5 — Lower swrface of above shen, In 9(71@ condre is

seen a clcﬁmél oval arca (3 @ 2 miwme’fws) wi’(h a fain%@

shacieci spo’( n ’Che centre of %He owval, The oval arca s 9(71@
wide lower orifice of ’fhe funnd—shapc& umbilicus, and %he
fcw'fnj( S‘PO% is %71@ minute ajocﬂrj(uw at %hc upper end of jchc
same,

%j 6. — @(fno’(hw sheu broken across and showin\g

%hc “winow—-pa%’(wn” at upper end of fmc%uw& su«fo,cc,
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ﬂew are visible fmw alar p«o’ionﬁa’ﬁons on mch stde of
’Che central line, ajoicod cham?ows , and dark spaces and sefp%a
between 7(71@ alac (sec %j 16,),

?1:95, 7, 8, 9, 10, — ‘upw aspce’( of a still _younger
shen, The Naudilus—like em%aeinj of ’fhe last coil but one
?Zy ’(he last coil s faia’@ well shown al ’fhe Tower pcw’( of
the foures, and also (in Fio, ;) the lopping round of the
fow or flve 1as%—fovmcol scp%a and sgmen’ts, X220

333 i — @ _young shaﬂ on swface of e’ccheci oul
specimen, Secen ?Zy reflected 1{971’(, 3710 central dark area is
’(he (Z 1owm’) opening of gfhe umbilicus. X220

%ﬁ 12. — Ouler wm’ﬂlew& swface of Eozoén show—
g circular outlines of 1@{9@4’ adull nummulite sheﬂs, X3
’Jraifr@ 300& eeeam*p’[es of disks can be scen («wi%h aid of
1@%5) on mch side of o%’gw dark strcak mear upper Ieﬁ
cormer, @ompo;rc also 3'19 23

’519 13 — Under sufrfacc oj: sheu shown in ?{95, 7—10.
%250.

%j 1. — Ganals in onc of %he whi’fe bands of Eozodn,
showin\g serics of rings, %220. @ompom ?{95, 1722,

Fio. 15, — (4 tracing of Fio. 2. a, Upper opening of
umbilicus; b, edoe of final alar prolongation; ¢, primary
cham?aw; d, sggmcn’cs or cham?aws oj: ﬁmfl coil; ¢, Icw:gw
pseucloepocliol pores; f double row of minule pscuc%fpocl{ol
pores; o, sggcmefn%s of last coil but one,

%j 16, — gnlaa:ge& cimwinj oj: upper fpcw’( of broken
ec@c of sheu shown in ?19 4, a, an ouler alar p«o%nja—
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tion, enclosing b, the mext in succession; ¢, edges of scjo%o,
sepam’(i’nj jfhe alac, jfhese pov’(ions of sep’(a %einj prolon—
30,7(1'0%5 from %He pcw’(i%ions sepam’(in\g %he pw{phcml po;r’(
of the whole into scgments; d, spaces between the alac and
in con’(imti’@ wi’(h ’(he chcvm%m*s at ’Che peviﬁhe@ of 9(}1@
whorl; ¢, chambers at pwiﬁle@ of ’fhe successive whorls,
The pcw%s are cmphasisccl, but can be scen in phojco, @

using a lens,

NGB, The sqoiwﬂ coils and willow ?a%%eqm scen respoc—
%iwly in 7104'1'%0%’(@1 and vertical sections are pwzcisc@ jfhc
same as are fowml in @‘P’[col Mmmaulites,

%j 17, — Owal Yings in canals of Eozoén canadense.

Fio. 18, — Ditto from larger canals in another specimen,

?13 19. — %’n\gs and haif-—«rin\gs from mural tubuli of
%hc Falacozoic g%voma%opovo{cl dclinostroma cZa‘ﬁzm‘?fum,
Nicholsom,

Fio. 20. — The same from 5‘?<r0ma?0700m concentrica,

gowfuss,

3(19 21, — Thc same fa’om a recent spccimefn of 57:0—
radotrema Eylz’mfw'cum (@m’%er) ffrom 9(710 @hina Sea,
?5'95, 17—21 are co<piecl @ kind permission of Messrs,

%3104' and Francis from a paper @ %he au%hoer in dnnals
“Wao, at, jfs%,, Sep%, 1912. %&uce& from a mqgniﬁca%ion

of 1,300 diameters,

?19 22, — Ganals in suqopflemen’fm:y skeleton of Eozodn
canadense, being ycw’( of pho’(o\gmph show in %j 14,
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Fio. 25 — Wca%hew& surface of Eozodm, showing rows
of disks en face, fvom an arca about ’(hwe—gucw’cevs of an
inéh (18 miﬂi«me’wcs) sguare a 1Me above and o %he v{gh’(
of contre of lower line of figure shown n ?19 12, Th@ disk
oullines haw been somewhajf ermtphasise& 1o enable ’Chezm 1o
be traced in %710 pho’(qgmph. gﬂa@@& about 3 Yimes ffom

photo, 7e. about 10 times from mature,
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